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I EXECUTIVE SUMMARY 

Many space-to-space communication links will be required In the future to 
make full use of space operations. These links will require large data rates 
while minimizing interference with each other, with earth communications, and 
with earth- to- satellite links. 

The 100-200 GHz band appears to be particularly favorable for meeting these 
requirements because this frequency range is used very little and because band- 
widths (and thus data rates) can conceptually be very large. Private spectrum 
allocations can be used to obtain frequency isolation between carriers, as demon- 
strated by the charts shown in Figure 1. Small antennas can provide narrow beam- 
widths for isolation as well as producing large gain. Several large absorption 
peaks (Figure 2) are available that provide isolation from earth communications 
and up-and-down links. Compactness of the system and jamming resistance further 
enhance the attractiveness of using the 100-200 GHz band. 

The Ultramicrowave Communications System“(UCS) program was performed to 
investigate the feasibility of a solid state system that could meet the projected 
space-to-space "requirements, while using the advantages of the 100-200 GHz 
band. The program successfully demonstrated a laboratory model of a high fre- 
quency communications system operating between 100-200 GHz. In the process, ven- 
dor claims for performance specifications of discrete components were evaluated, 
and a window was provided into present and future system design and integration 
problems. 
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WINDOW AND ABSORPTION BAND LIMITS 


WINDOW 

ABSORPTION BAND 

LIMITS (GHZ) 

W2 


100-105 


A2 

105-134 

W3 


134-170 


A3 

170-190 


SERVICE ALLOCATIONS 


SERVICE 

W2 

A2 

W3 

A3 

TOTAL 

SATELLITE 

14 

2 

7 

4 

27 

SCIENTIFIC 

5 

5 

5 

5 

20 

TERRESTRIAL 

24 

5 

14 

8 

51 


FIGURE 1: SUMMARY OF FCC ALLOCATIONS FROM 100-200 GHZ 


1 . 1 Approa ch 

The program was divided into three phases. In Phase I a survey of current 
research and development activities at minimeter wave frequencies was performed, 
and a search for vendors of RF hardware was initiated to determine component 
availability and implement first order system design. 

In Phase II a preliminary design of the RF subsystem was completed, and a 
packaging study was performed to determine a minimum size of the system. Also, 
the required RF hardware for the subsystem design was procured. 
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WAVELENGTH (mm) 



FREQUENCY (GHz) 

FIGURE 2: ATMOSPHERIC ATTENUATION OF MILLIMETER WAVES 

In Phase III the remainder of the system design and hardware procurement was 
completed, the final demonstration unit was assembled, and system tests were per- 
formed. Finally a system demonstration was given at NASA/JSC. 

1.2 Results 

We successfully designed and built a low cost transmi tter/receiver demon- 
stration unit using off-the-shelf millimeter wave components. The system uses 
bi-phase modulation to transmit a 130 Mb/s bit serial stream at a carrier fre- 
quency of 105 GHz over a range of approximately 100 meters. Figure 3 shows a 
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FIGURE 3: ULTRAMICROWAVE COMMUNICATIONS SYSTEM AND SUPPORT EQUIPMENT 

block diagram of the system and its support equipment. 

Several key development problems were solved to construct the system. For 
example, the carrier frequency of 105 GHz was chosen because the required RF 
hardware was only available at the lower end (to 110 GHz) of the 100-200 GHz 
spectrum. (Table 1 shows a chart of component availability for various frequency 
ranges. ) 

Although off-the-shelf components were available at 105 GHz, conformance to 
vendor specs was very poor with regards to noise figure, lifetime, etc. The RF 
system design had to be compensated for matching and isolation problems between 
devices, as well as instability and poor noise figure of discrete components. 
Further, delivery times ranged up to one year. 
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TABLE 1 : RF SUBSYSTEM COMPONENT AVAILABILITY 

The development of a driving circuit for the bi-phase modulator was a key 
development in the design of the system, as none was readily available for our 
purposes. The circuit was designed to provide the proper levels to the diode of 
the modulator for the two phase states. It is also capable of handling the 130 
Mb/s data rate. 
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Support equipment which had to be developed for the UCS includes: the A/D 

Converter Multiplexer Subsystem, Demultiplexer D/A Converter Subsystem, and 
Pseudo Random (PN) code generator. The A/D Converter Multiplexer Subsystem 
(ADCMS) interfaces two 5 MHz analog video signals with the digital input to the 
transmitter. The Demultiplexer D/A Converter Subsystem (DDACS) interfaces the 
digital receiver output with two analog channels. It converts the receiver out- 
put back to the two original 5 MHz video signals. The PN code generator produces 
a 127 - bit digital code synchronous with an external clock. It was used for 
checkout and testing of various digital circuitry in the system modules. 

(Appendix H contains a schematic of the PN code generator shown in drawing 5). 

1.3 Conclusions 

The UCS program demonstrated the performance possible in a communications 
system built to be operated above 100 GHz. While large performance improvements 
could be realized with available components (at a higher cost), performance defi- 
ciencies exist in several areas. 

The apparent limitations to higher data rates are the clocking frequencies 
of signal processing components, and the switching speed of the modulator driver 
between the two phase states. 

Operation is possible with available off-the-shelf RF components, but per- 
formance predictions must be tempered by poor component tolerances. The low cost 
system demonstrated a 130 Mb/s channel over 100 meters. Immediately available 
components should permit ranges up to 45 km. 
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During the final phase of the program a substantial amount of time was 
required for the design and construction of the high data rate signal processing 
subsystems {ADCMS, DDACS). In a fully operational system, handling and process- 
ing the data prior to modulation of the carrier and after detection in the 
receiver will be a major task requiring careful design of high speed logic cir- 
cuits. 

Although a demonstration unit has been assembled, further work in the areas 
of millimeter wave component development, systems itegration, and signal process- 
ing system development needs to be done before ultramicrowave systems will be 
able to meet future space communications requirements. 
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II UCS SYSTEM AND DEMONSTRATION 


The UCS demonstration consisted of using the transmitter and receiver to 
transmit spread spectrum data in a laboratory environment. Also during the 
demonstration, system tests and performance analysis were done. A description of 
each subsystem Is given In this section, along with details of how the demonstra- 
tion was implemented. Further, results of the tests and analysis are given. 

2.1 System Description 

The Ultramicrowave Communications System consists of the transmitter module 
and receiver module. A description of each subsystem Is given below. 

2.1.1 Transmi tter 

The transmitter subsystem consists of: the RF front end, high gain antenna 

modulator driver, and required power supplies. A block diagram of the system is 
shown in Figure 4. The Input Is an ECL {emitter coupled logic) level serial sig- 
nal that is transformed to the proper levels by the modulator driver. The trans- 
formed data drives the modulator to shift the carrier phase between 0° and 180° 
(bi-phase modulation). The carrier 1s a 104.725 GHz millimeter wave signal gen- 
erated by a free running oscillator. The modulated signal is then transmitted 
via the parabolic antenna. Figure 5 shows a block diagram of the active RF com- 
ponents. Photographs of the transmitter are shown in Figure 6. (For more detail 
see appendix B.) 

2.1.2 Receiver 

The receiver subsystem consists of: a high gain antenna, RF front end, IF 

amplifier strip, demodulator and required power supplies. A block diagram of the 
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FIGURE 4: BLOCK DIAGRAM OF TRANSMITTER 


BIT 
SERIAL 
(130 Mb/s) 



FIGURE 5: TRANSMITTER ACTIVE COMPONENTS 
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FIGURE 6: ULTRAMICROWAVE COMMUNICATIONS TRANSMITTER 

subsystem is shown in Figure 7. This module receives the bi-phase modulated sig- 
nal via the parabolic antenna. This signal is down converted to an IF frequency 
of 273 MHz, by mixing it with an LO (local ocillator) signal in the harmonic 
mixer. The LO signal is a 14.93 GHz signal generated by a Gunn oscillator. The 
signal is amplified in the IF section for input to the demodulator. The bi -phase 
demodulator transforms the signal to a ECL digital stream. The output is a 
serial digital data signal of up to 130 Mb/S. Tuning of the receiver is facili- 
tated by fine and course adjustment tuning knobs that control the LO frequency. 

A block diagram of the active RF components is shown in Figure 8. Photographs of 
the receiver are shown in Figure 9. (For more detail see appendix C.) 
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FIGURE 7: BLOCK DIAGRAM OF RECEIVER 
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figure 0: RECEIVER ACTIVE RF COMPONENTS 
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FIGURE 9: ULTRAMICROWAVE COMMUNICATIONS RECEIVER 

2.2 UCS Demonstration 

This section gives a general description of the demonstration, followed by 
the results of the performance analysis and tests. 

2.2.1 Description of Demonstration Set Up 

The demonstration of the UCS consisted of transmitting and monitoring two 
5 MHz color video signals in a laboratory environment. 

The test signals were generated by two color cameras, viewing the labora- 
tory, interfaced to the transmitter via the ADCMS. The ADCMS contains two A/D 
converters, a multiplexer, a synchronization circuit, and a differential 
encoder. The A/D converters sample each test signal at a 10 megasample/second 
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FIGURE 10: UCS DEMONSTRATION SETUP 

rate, and quantizes each channel to six bits. The output is a differentially 
encoded 130 Hb/s ECL serial stream. (For more detail of the ADCMS see Appendix 
D.) 


The received signals are interfaced to two color monitors by the DDACS. 

This module contains a clock recovery circuit, differential decoder, demulti- 
plexer with synchronizing circuits, and two video D/A converters. The input is 
the recovered 130 Mb/second ECL serial data stream recovered from the demodula- 
tor. This signal is split into the two six bit digital channels by the demulti- 
plexer-synchronization circuitry, using the clock signal recovered from the data 
stream. The D/A converters sample each channel to produce the analog signals. 
The output is the two 5 MHz bandwidth video signals. (For more detail on the 

DDACS see Appendix E.) Figure 10 shows the demonstration setup. 
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2.2.2 Deinonstratlon 

The purpose of the demonstration was to evaluate system performance. This 
included measurements of antenna performance, range prediction, and overall sig- 
nal quality. Signal quality was evaluated by spectrum analysis of the trans- 
mitted signal as well as by monitoring the transmitted video pictures, and making 
predictions of bit error rate and signal /noise. 

Figure 11 shows plots of the pattern of the 6 inch parabolic antenna, in 
both the E and H planes. As can be seen the 3 dB beamwidth is 1.25" in the E 
plane and 1.40" in the H plane. The antenna gain is 42 dB which illustrates the 
advantage of small size and large gain available at the short wave length. 

Range of the system was simulated by inserting a variable attenuator into 
the output of the transmitter. It was found that an attenuation 25 dB was 
obtained before the signals on the video monitors were no longer recognizable. 
This results in a theoretical maximum range of 103 meters. 

A spectrum of the UCS modulated signal is shown in Figure 12 and a expanded 
view is shown in Figure 13. A perfectly bi-phase modulated signal should exhibit 
a zero-amplitude carrier, so these measurements indicate that proper modulation 
is not being obtained. An amplitude imbalance of .94 dB v/as measured between the 
two phase states of the modulator, which would contribute to the non-optimum mod- 
ulation. Also a phase imbalance was likely present, however this was not mea- 
sured directly. 
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ANGLE 

FIGURE 11A: E PLANE PATTERN OF 6 INCH PARABOLIC ANTENNA AT 104.725 GHZ 
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ANGLE 

FIGURE 118: H PLANE PATTERN OF 6 INCH PARABOLIC ANTENNA AT 104.725 GHZ 
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FIGURE 12: SPECTRUM OF TRANSMITTED UCS SIGNAL 

HORIZONTAL SCALE: 10 dB/DIV 

REFERENCE LEVEL: -10 dBM 

VERTICAL SCALE: 37.6 MHZ/DIV 

CENTER FREQUENCY: 279.4 MHZ 

Although overall quality of the video pictures on the monitors was good, 
some bit errors were noticed. Also loss of synchronization errors were present 
which caused the receiver to lose lock with the transmitted data. Fine and 
coarse tuning of the receiver was •periodically required in order to retain the 
video pictures. From the quality of the video pictures on the monitors we esti- 
mated the signal /noise of the video signal to be 20 to 30 dB. 

The amount of bit and synchronization errors (noise) in the system could be 
attributed to two possible factors; amplitude and phase noise. Various separa- 
tion distances between the transmitter and receiver, (from approximately 1 ft. to 
50 ft.) did not significantly alter the amount of errors. Also attenuation of 
the signal during range simulation tests did not change the amount of errors 
(above the threshold of the minimum detectable signal). Therefore, although some 
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FIGURE 13: EXPANDED VIEW OF TRANSMITTED SPECTRUM 

HORIZONTAL SCALE: 10 dB/DIV 

REFERENCE LEVEL: -10 dBM 

HORIZONTAL SCALE: 3.76 MHZ/DIV 

CENTER FREQUENCY: 276.2 MHZ 

amplitude noise was likely present, it was not the major contributing factor to 
errors. 

The main source of noise was probably due to phase instabilities in the 
system. The Gunn oscillator used in the transmitter had a significant amount of 
frequency drift and thus contributed to phase noise. Measurements of this fre- 
quency drift were taken and are shown in Appendix B. Also the local oscillator 
had some frequency drift, measurements of which are shown in Appendix C. 

Detuning of the oscillator occurred with changes in the modulator phase 
state. This of course would add considerably to the phase noise of the system. 
This problem was corrected, for the most part, by insertion of isolators between 
the oscillator and modulator {see Appendix B). With one isolator the frequency 
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change between the two phase states was 650 KHz. With two isolators, no notic- 
able change could be detected in frequency. The required addition of these iso- 
lators to obtain acceptable operation indicates that the performance of the modu- 
lator is less than optimum. This is also supported by measurements taken with no 
isolation, which showed a 12.5 MHz change in frequency of the oscillator for 
changes in phase state of the modulator. 

Random phase noise from other parts of the system also added to the overall 
noise in the video pictures, Howver this was not directly measurable due to 
equipment limitations. 


19 


MCDOISIIMEt-L. DOUat-AS AST ftO/\IAU TICS COMPACT - ST. UOUIS Oll/ISIOISI 



ULTRAWIICROWAVE COMA/IUNICATIOKS SYSTEM - PHASE III 


FINAL REPORT 


REPORT MDC E2461 23 OCTOBER 1981 


III RECOMMENDATIONS 


The UCS demonstration shows the level of perfomance available from a low 
cost approach to ultramicrowave communications. The current design was chosen to 
evaluate individual component performance and was limited by cost constraints. 
This section recommends immediate improvements which could be made on the system 
using currently available hardware and design concepts. 

The noise figure of the receiver (and S/N ratio of the system) could be 
improved by replacing the harmonic mixer with a balanced mixer/IF preamplifier. 
The harmonic mixer has a conversion loss, at the 7th harmonic, of 23 dB, while 
the noise figure of a balanced mixer is 5.5 dB. Although the cost of the bal- 
anced mixer is considerably larger, the improvement in receiver noise figure is 
substantial. (The harmonic mixer was chosen mainly due to cost limitations.) 

Several options are available which would provide a more stable millimeter 
wave source. Bias tunable Gunn oscillators are available which can be phase 
locked to a stable crystal source. This would decrease phase noise in the system 
and provide easier demodulation. These oscillators are available with power out- 
puts to 20 mW. Clearly this would increase the range of the system and improve 
S/N. However, these oscillators are only available to 95 GHz. Therefore a lower 
carrier frequency would have to be chosen for use of this approach. 

Other approaches available to improve the performance of the system include 
injection locking and frequency multiplying techniques. Injection locked IMP ATT 
oscillators are available to 100 GHz with a power output of 50 mW. The IMPATT 
oscillator can be used as a power amplifier by injection locking it to a phase 
stabilized Gunn source. The maximum locking bandwidth of the IMPATT is .5%. 
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105 GHZ 

CARRIER SIGNAL 


FIGURE 14: FREOUEfJCY MULTIPLIER CHAIN 


This type of technique can be used only to 100 GHz and would be very expensive to 
implement for a demonstration unit. 

The best choice for improving the source appears to be that of using fre- 
quency multiplying techniques which can generate millimeter wave signals from low 
frequency power sources. A 35 GHz phase locked Gunn oscillator can be used as 
the input to a x3 frequency multiplier to generate a ultra-stable low noise 105 
GHz carrier signal. The Gunn oscillator can be phase locked to a crystal source 
with a power output of up to 100 mW. This would give a power output from the 
frequency multiplier of 10 mW. This method holds the promise of Increasing the 
range while decreasing the phase noise of the demonstration unit. Although this 
method would be moderately expensive to implement it appears to be the most feas- 
ible method of generating a low noise ultra-stable source above 100 GHz. Figure 
14 shows a block diagram of a 105 GHz multiplier chain. 
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The UCS system could also be improved by choosing a larger antenna. By 
using a 18 inch parabolic antenna instead of a 6 inch one, the gain can be 
improved to 51 dB from 42 dB (at the expense of larger system size). This would 
increase the range of the system considerably. (The 6 inch antenna was chosen 
for lower cost and to demonstrate the effectiveness of using a parabolic 
antenna. ) 

By replacing the harmonic mixer with a balanced mixer - IF preamp, replacing 
the Gunn oscillator with a stabilized frequency source, and using 18 inch para- 
bolic antennas instead of the smaller 6 inch ones the range could be improved to 
a theoretical limit of 45 km. Such a unit would still be far from capable of 
meeting the promise of space-use for an ultramicrowave communications system, 
however. In particular, advances in millimeter wave component integration tech- 
niques, reliability, and producibil i ty are required. 
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APPEMDIX A 

OPERATION OF THE ULTRAMICROWAVE 
COMMUNICATIONS SYSTEM 


This appendix covers the procedures to make the Ultramicrowave Communica- 
tions System operational. This includes procedures required for maintaining com- 
patibility between individual subsystems, as well as tuning and alignment proce- 
dures. 

a) Operation of the ADCHS and DDACS 

The A/D Converter Multiplexer Subsystem (ADCMS) and Demultiplexer D/A Con- 
verter system (DDACS) are designed to be compatible with the transmitter and 
receiver of the Ultramicrowave Communications System. The output of the ADCMS is 
compatible with the input of the transmitter and the input of the DDACS is com- 
patible with the output of the receiver. The ADCMS and DDACS were also designed 
to be compatible with each other. This is very convenient, as the two can be 
connected together to ensure they are operating properly. Photo A1 shows the 
units in front view, and Photo A2 shows the rear view of the units. This section 
describes the procedure required for ensuring compatabil ity between the individ- 
ual subsystems as well as describing performance tests of the ADCMS and DDACS 
when operating in tandem. 

The ADCMS interfaces two video signals, with frequency components up to 
5 MHz, to the input of the transmitter. These two signals are input to the ADCMS 
at the ports labeled "VIDEO 1" and "VIDEO 2". The inputs are configured to an 
input impedance of 75 Q and can accept a maximum 1 volt peak-to-peak analog sig- 
nal. Input impedance and dynamic range can altered by changing resistor values 
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Photo A1 Front Viev/ of ADCMS (left) and DDACS (right). 


on the A/D converter boards (see Appendix G). Trimming potentiometers are pro- 
vided on the A/D converter boards to adjust the DC offset and gain of the input 
buffer amplifiers (see Appendix G). In use the input signal lines should 
be 75 q, such as RG-59. The input connectors are type UHF female jacks. 

The output of the ADCMS is a 130 Mb/second bit serial stream in a non- 
return- to-zero (NRZ) format. 

The output is emitter coupled logic (ECL) levels and is unterminated. In 
use, the output signal line should be 50 q, such as RG-58 coaxial cable, and 
should be terminated in 50 q to -2 volts, to prevent reflections. When used as 
the input to the transmitter of the UCS, an external termination is not 
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Photo A2 Rear View of ADCMS (left) and DDACS (right). 

required. The length of any output cable should be held to 50 feet or less to 
prevent degradation of the signal. The output connector of the ADCMS and the 
input connector of the transmitter are type BNC female jacks. 

The DDACS interfaces the output of the receiver with the input of two video 
monitors. The input of the DDACS accepts an ECL level digital signal. It is 
terminated with 50 q to -2 volts, and it is recommended that 50 q coaxial cable be 
used to supply the data. The input connector is a type BNC female jack. 
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The outputs of the DDACS are 0-5 MHz video signals. Each output channel 
has 75 s 2 impedance, and is capable of supplying 1 volt peak-to-peak unloaded, or 
.5 volt peak-to-peak to a 75 q load. The output signal levels are between 0 and 
-1 volt unloaded, or 0 and -.5 volt when driving a 75 q load. It is recommended 
that 75 q coaxial cable be used to supply the output signals to video monitors. 

The outputs are labeled "VIDEO 1" and "VIDEO 2", corresponding to the input jacks 
of the ADCMS. In use, the video signal at "VIDEO 1" of the ADCMS will be output 
at the "VIDEO 1“ terminal of DDACS, and similarly for the "VIDEO 2" terminals. 

The output connectors are type UHF female jacks. 

Before being used with the DCS transmitter and receiver, the ADCMS and DDACS 
should be operated in tandem to ensure they are working properly. Special note 
should be made of offset and gain adjustments on the A/D boards. These will 
usually require adjustment whenever a new video source is used to compensate for 
the dc offset and signal level variations between sources. This is most easily 
accomplished by a setup as in Figure Al, but using the video source instead of a 
signal generator, and adjusting the offset and gain adjustments until the output 
is an accurate representation of the input. If the signal level from the video 
source is too high to be compensated for by the gain adjustment, it is helpful to 
use a variable attenuator between the output of the video source and the input of 
the ADCMS. 

If the ADCMS and DDACS are used with the U1 tramicrowave Communication System 
transmitter and receiver, correct synchronization may be difficult to obtain 
unless a video source is present at each of the two inputs. The reason for this 
lies in the way the DDACS recognizes the sync bit. The DDACS looks for a non- 
changing low bit; if it finds one it is assumed to be the synchronization bit. 
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Figure A1 . Setup to Test Performance of ADCMS and DDACS with 
Triangle Wave Input 


Since there exists a 180° ambiguity in demodulated bi-phase data, these constant 
highs may be output by the receiver as constant lows which could be mistaken for 
sync bits. The DDACS is able to resolve the ambiguity and correctly synchronize 
only if signals are present on both video channels, so that the only nonchanging 
data bit will be the synchronization bit. It is recommended, therefore, that 
video signals be present on both channels if used with the ACDMS and DDACS. 

As a demonstration of the ability of the ADCMS and DDACS to transmit a sig- 
nal without degradation, a triangle wave was used as a test signal. The ADCMS 
and DDACS were connected as shown in Figure Al, and the test signal was intro- 
duced into video input 1. Video input 2 was left open. The signal, after pass- 
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ing through the ADCMS and DDACS to video output 1 was compared to the input sig- 
nal on an oscilloscope. Figure A2a compares the input and output signals for a 
100 kHz traingle wave. Figure A2b makes the comparison for a 1 MHz triangle 
wave. Similarly, Figures A2c and A2d show the response of video channel 2 to 100 
kHz and 1 MHz triangle waves, respectively. The photos show the dc offset on the 
input signal (this is adjustable), and the fixed dc offset on the output 
signal. For the 100 kHz signals, the output signal is a very good representation 
of the input. A small amount of rounding is evident at the corners of the 1 MHz 
signal. This is due to the finite bandwidth of the A/D and D/A converters, and 

to the 5 MHz low pass filters on the outputs of the DDACS. The output signal is 

still quite a good representation of the input signal, however. 

The ultimate test of the ADCMS and DDACS is their ability to operate on 
actual video (i.e., television) signals. Video signals supplied by a video 
camera were fed to a video monitor and to the video input 1 of the ADCMS. Video 

input 2 was left open. The output of the ADCMS was connected to the DDACS, and 

the resulting Video 1 output fed to a second video monitor for comparison with 
the input signal. Figure A3 shows the setup. Figure A4 is a photo of two video 
monitors. The monitor on the left shows the video picture input to the system, 
while the monitor on the right shows the picture after passing through video 
channel 1 of the ADCMS and DDACS. The pictures are nearly identical, indicating 
that very little degradation in signal quality has occurred. Similarly, 

Figure AS shows the results of the video picture passing through video 

channel 2. Once again the pictures are nearly indistinguishable, indicating that 

the video quality is quite high. 
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10 lisec/Horizontal Division 


1 usec/Horizontal Division 



Figure A2. Results of Performance Test of ADCMS and DDACS 
(Upper Trace: input to ADCMS) 

(Lower Trace: output of DDACS) 

(All Photos 1 Volt/Vertical Division) 
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Figure A3. Setup to Test Performance of ADCMS and DDACS with 
Video (Television) Signal Input 



Figure A4. Comparison of Video Picture Quality for Video Channel 1. 
left: input video picture 

right: output video picture 
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I 

Figure A5. Comparison of Video Picture Quality for Video Channel 2. 
left: input video picture 

right: output video picture 


Whenever the ADCMS and DDACS are connected directly together, as in Figures 
A1 and A3, it is sufficient to use only one of the two video channels; the other 
can be left open. If correct synchronization is not obtained immediately, it can 
usually be obtained quite easily by turning the DDACS off and then back on again. 
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b) Operation of the Transmitter and Receiver 

The UCS is designed to transmit and receive a 130 Mb/sec bit serial informa- 
tion stream at a carrier frequency of 105 GHz. The UCS is completely compatible 
with the ADCMS and DDACS subsystems. However, to ensure proper operation, the 
UCS may be operated as a stand-alone system (i.e. with no information being 
transmitted). This section describes procedures for properly aligning and tuning 
the UCS, as well as interfacing and connection requirements. 

The transmitter of the UCS can accept a serial digital input signal with 
frequency components to 130 MHz. The input is configured for 50 q input impedance 
and a 1 volt peak to peak ECL level signal {-1 to -2 volts). The input is ter- 
minated with 50 q to -2 volts, so external terminations are not required. In use 
the input signal line should be 50 q coaxial cable such as RG-58. The input con- 
nector is a type BNC female jack. 

The output of the UCS receiver is the transmitted digital data stream. The 
output channel is capable of supplying this signal at a 130 Mb/sec rate, at ECL 
levels. The output port is configured for 50 q output impedance and is untermin- 
ated. When used with the DDACS, the output signal line may be connected directly 
to the input of the DDACS with no external terminations. In use it is recom- 
mended that the output signal line should be 50 q coaxial cable such as RG-58. 

The other three ports of the receiver (IF output, demodulator input, error signal 
output) are also nominally configured for 50 q output impedance. The IF output 

and demodulator input ports are provided for diagnostic purposes. In use the IF 
output may be connected directly to the demodulator input via a short piece of 
RG-58 cable. The error signal output port is purely for diagnostic purposes. 

The connectors are all type BMC female jacks. 
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FIGURE A6; SETUP TO TUNE AND ALIGN THE UCS SYSTEM 


The best method of initially tuning the receiver to the transmitter appears 
to consist of tuning the receiver directly to the carrier signal. This can be 
accomplished by using the UCS with no input signal. 

Figure A6 shows a setup for tuning. The spectrum analyzer should have a 
frequency range of up to 500 MHz. The oscilloscope should be able to resolve 
frequencies up to 200 MHz, and can best be used on the .1 volt setting with 
a 50 q feed through to the input. A range of about 30 feet is satisfactory for 
initial tuning. 
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Both the transmitter and receiver should be allowed to warm up for approxi- 
mately 20 minutes before using, to allow the oscillators to stabilize. The IF 
output of the receiver should be a single spike around 273 MHz. If the signal 
cannot be detected it can usually be obtained by turning the transmitter off, 
then back on again. The coarse adjustment on the receiver can be used to center 
the IF output at 273 MHz. -The fine tune knob can then be adjusted until the 
error signal is a constant voltage (see Appendix C for more detail). This indi- 
cates that the demodulator is locked to the IF frequency. The antennas should be 
aligned to obtain a maximum signal level on the spectrum analyzer. 

Once the UCS has been tuned and aligned, the spectrum analyzer and oscillo- 
scope may be removed. The fine and coarse tune knobs will need periodic adjust- 
ments due to the drift of the millimeter wave oscillator. 

When used with the ADCMS and DDACS subsystems, special attention should be 
paid to the adjustments on the video sources used. Aperture, focus, beam 
strength, and output attenuation are critical camera settings for transmitting a 
quality video signal. 
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APPENDIX B 

DETAILED DESCRIPTION OF TRANSMITTER SYSTEM 


A block diagram of the transmitter was shown in Figure 4. It showed that 
the transmitter is composed of four major functional blocks, the parabolic 
antenna, RF subsystem, modulator driver, and power supply subsystem. This sec- 
tion describes each of these functional blocks in more detail, including sche- 
matics and layout drawings as well as discrete performance analysis. 

a) Antenna 


The antenna chosen was a Alpha/TRG model number 802-6, 6 inch parabolic 
antenna. This antenna has a machined aluminum casting reflector for optimum per- 
formance at upper frequencies. These reflectors have typical surface tolerances 
of .001 inches RMS. The reflector feed consists of a section of standard W-band 
wave guide, which has been end flared for optimum reflector illumination. Input 
signals are connected to the feed at a standard rectangular wave guide flange. 
Appendix F shows a layout of the antenna feed system. 

The antenna was designed for a center frequency of 104.725 GHz. Bandwidths 

were given as nominally +5%. This is a large enough bandwidth to compensate for 

~ , ,2 

drift in the millimeter wave oscillator. Gain was found from G = N (W where 

N = .55, D is the antenna diameter and \ is the center frequency wavelength. For 

our case this gives a gain of 42 dB. Half power beamwidth is found 

from e 1/2 = 70 K. The e 1/2 for a 6 inch antenna is found to be 1.36°, which 

agrees with the Experimental results as found on the antenna pattern charts. 

Side lobes are nominally -22 dB. The antenna beam is vertically polarized by the 

wave guide feed. 

b) RF Subsystem 


The RF subsystem of the transmitter accepts the digital information from the 
modulator driver and produces the high frequency bi-phase modulated signal. The 
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FIGURE B1; TRANSMITTER SYSTEM 

RF design includes nonactive components in order to improve the performance cap- 
ability of the system. A detailed diagram of the RF subsystem, along with its 
relation to the modulator driver and antenna, is shown in Figure Bl. 

The millimeter wave source chosen is a Central Microwave, model number 1207, 
mechanically tunable Gunn oscillator. The center frequency is 104.725 GHz and is 
tunable over a range of jUOO MHz. Tuning is achieved by adjusting the screw 
located on top of the oscillator. Power supply requirements at 104.725 GHz were 
found to be +4 Vdc at .25A. Power output of the source is 5 mW. This gives an 
oscillator efficiency of .001%. Output frequency can also be adjusted by varying 
the input voltage over the allowable limits. Appendix F gives a manufacturers 
data sheet of specifications. 
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FIGURE B2; FREQUENCY MEASUREMENT SETUP 


Since the oscillator is used in a free running mode, it was necessary to 
make measurements of its frequency stability so that the receiver could be 
designed accordingly. Frequency variations were measured by a setup as shown in 
Figure B2. Using this method, plots of frequency deviation versus time were 
made, from which an average drift rate and peak-to-peak frequency deviations were 
found. 
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Initial raeasurements showed severe frequency instabilities in the millimeter 
wave oscillator. These frequency changes can be attributed to several operating 
conditions. First, variations in the applied dc potential will certainly alter 
the frequency. The tuned resonant frequency of the cavity can be altered by 
thermal expansion of various parts, changes in air pressure, and by mechanical 
vibrations. Also, variations in load impedance, resulting in both resistive and 
reactive components, cause changes in frequency. Finally, changes in ambient 
temperature critically affect the frequency of oscillation. 

To compensate for changes in the applied potential, the output of the power 
supply was low pass filtered to reduce transients and give a stable dc voltage. 
Mechanical vibrations were reduced, as well as stabilizing the ambient tempera- 
ture, by securely mounting the oscillator on a heat sink. Changes in load impe- 
dance were compensated for by isolating the oscillator from the load. 

Using these improvements, measurements were made of frequency deviation ver- 
sus time for both long and short term intervals. Figure B3 shows frequency mea- 
siirements taken over a period of 1.02 secs. This graph shows a sinusoidal drift 
of the oscillator about an average frequency of 104.602 GHz. This drift is 
cyclic at a rate of approximately 10 Hz/sec with a peak to peak frequency varia- 
tion of 60 kHz. Frequency changes over such a short time period can be consid- 
ered as localized drift about a fluctuating average frequency. This small local- 
ized drift is not as critical to the design of the receiver as is the long term 
drift. (The receiver has to be able to track large changes in frequency in order 
to remain in lock with the transmitter. ) 
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FIGURE B3; SHORT TERM MEASUREMENT OF FREQUENCY DRIFT. 
.0204 SECONDS/MEASUREMENT 
1 KHZ RESOLUTION 
AVERAGE FREQUENCY = 104.602 GHZ 
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FIGURE B4; LONG TERM MEASUREMENT OF FREQUENCY DRIFT 
.105 SECS/MEASUREMENT 
1 KHZ RESOLUTION 
AVERAGE FREQUENCY = 104.610 GHZ 

Figure B4 shows measurements taken over a period of 17.5 minutes. This 
chart again shows a sinusoidal drift of the oscillator about a mean frequency. 
The average is 104.610 f>1Hz. Minimum long term drift rates of approximately 1 
MHz/minute were observed. This large, long term drift is the frequency change 
that the receiver needs to be able to track in order to remain in lock with the 
transmitter. 
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Although this oscillator shows severe instability characteristics, it still 
has better performance capabilities than the originally chosen IMPATT oscilla- 
tor. Even though the IMPATT showed the promise of higher power output, (approx- 
imately 50 mW), the stability characteristics were much worse than those of the 
Gunn, and the life-time was extremely short. 

The output of the oscillator is fed into two circulators, which act as iso- 
lators from a possible load mismatch with the bi-phase modulator. The circula- 
tors are Alpha/TRG series 164 E-plane 3-port devices. Circulation between ports 
is in the order of 1-2, 2-3, and 3-1. Isolation in the opposite direction is 
nominally 20 dB. These circulators are used as isolators by inputing RF energy 
into port 1 and taking the output on port 2. Reflections from the load appear at 
port 3 which is terminated with a wave guide load. Thus, reflected power is 
absorbed by this load and does not appear at port 1. Connecting two of these 
devices in series provides sufficient isolation of the oscillator from the load. 

This RF signal is input to the modulator for modulation by the digital 
data. This is a Hughes 47996H-1000 PIN bi-phase modulator. It is a circulator 
coupled, path-length modulator that provides a 0° or 180° phase shift to the RF 
signal, depending on the state of the PIN diode. The method of operation 
involves using the variable capacitance of the PIN diode. The diode cavity is 
adjusted at a mean biasing point so that parallel resonance is achieved. The 
diode is then switched between on and off states by the digital information from 
the modulator driver. This alters the effective path length of the signal 
through the 2nd arm of the circulator by half a wave length, thus producing a 
phase shift about the resonant frequency. The bi-phase modulated signal is then 
output from the third port of the circulator. Appendix F contains a manufactur- 
ers data sheet of the bi-phase modulator. 
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Before the signal is transmitted from the parabolic antenna, a tuner is used 
for impedance matching between the modulator and the antenna. This is a Hughes 
45686H-1000 E-H plane tuner. It consists of a hybrid tee, in which micrometer 
tuned adjustable shorts are placed in the series and shunt arms. The effect of 
these shorts is to produce shunting reactances in both the E and H planes thus 
altering the phase and amplitude of the reflection coefficient. The tuning stubs 
were adjusted until a maximum signal level was detected from the output of the 
antenna. (This implies that the reflection coefficient from the antenna was at a 
minimum amplitude and proper phase.) 

c) Modulator Driver 

The modulator driver circuit is designed to provide the proper "on" current 
(10 mA) and "off" voltage (10 volts) to the PIN diode load of the bi-phase modu- 
lator. It is capable of switching between states at a rate of 130 MHz. The cir- 
cuit accepts the digital information from the ADCMS, and then switches the diode 
of the modulator either "on" or "off" according to the state of the informa- 
tion. The diode is on for a binary 0 and off for a binary 1. Figure B5 shows a 
schematic of the modulator driver circuit. Appendix G contains a parts list for 
the circuit. 

The ECL serial output from the multiplexer is input to the modulator driver 
through a 100101 Or/Nor gate. The Or output drives the base of transistor B of 
the differential amplifier, and the Nor output drives the base of transistor A. 

In operation there are two different cases to be considered. 

The first case is when the input is a logic zero. The Or output of the 
100101 is -2 volts and the Nor output is -1 volts. This has the effect of turn- 
ing on transistor A and turning off transistor B. Hence the emitter current of B 
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FIGURE B5; MODULATOR DRIVER CIRCUIT 

is zero, which implies that the collector voltage of B is also equal to zero. 
This in turn causes the input voltage on the base of transistor C to be zero. 
When this happens no output current appears at node A from the collector of C. 
Transistor D is biased in such a manner as to act as a constant current source 
tnat draws 28.7 mA from node A. For the case being considered, this 28.7 mA is 
drawn from the three 5082-2800 diodes in series and from the load. It is found 
that the diodes input 20.9 mA to node A, which causes the load to input 7.8 mA. 
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This is the "on" current of the bi-phase modulator, which is seen to be well 
under the maximum rating of 10 mA. 

The second case to be considered is when the Input to the modulator driver 
is a logic one. When this occurs the Or output of the 100101 is -1 volts, and 
the Nor output is -2 volts. These signals turn off transistor A and turn on 
transistor B. This causes the collector current of B to be 22 mA, and thus pro- 
duces a 13 volt input level to the base of transistor C. With C biased in this 
manner the collector current is found to be 75 mA. Only 28.7 mA of this collec- 
tor current can appear at node A, due to the constant current action of transis- 
tor D. Therefore the single 5082-2800 diode draws the remaining 46.3 mA of the 
collector current through the IOOq voltage divider network. This action produces 
a 10 volt potential at node A. Thus it is seen that no current is drawn from 
either the load or the three 5082-2800 diodes. Therefore the pin diode load is 
in its "off" state, at a voltage level of 10 volts. This voltage level matches 
the manufacturers specification for the modulator. 

d) Power Supply 

The power supply circuit for the transmitter is shown schematically in 
Figure B6. The power requirement for the Gunn oscillator is +4 volts at 
1.25 A. The power requirement for the modulator driver circuit is +15 volts at 
.15 A and -5 volts at .123A. Commercial supplies were used for all three 
required voltages. The +4 volts supplied to the oscillator was stabaUzed by the 
single pole low pass filter shown in Figure B6. Figure B7 shows the terminal 
block voltages for the transmitter power distribution. 
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FIGURE B6; POWER SUPPLY SCHEMATIC FOR UCS TRANSMITTER 
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FIGURE B7; TERMINAL BLOCK VOLTAGES FOR UCS 
TRANSMITTER 


B12 

mfCDOISinliSI-L. OOUtSUAS ASTrtOruAUTiCS COn/tPAISIV-ST. UOUtS OiVISIOISI 




ULTRAiVIlCROWAVE COWIMUWICATIOWS SYSTEM - PHASE III 


FINAL REPORT 


REPORT MDC E2461 23 OCTOBER 19B1 


APPENDIX C 

DETAILED DESCRIPTION OF RECEIVER SYSTEM 


A block diagram of the receiver was shown in Figure 7. It showed that the 
receiver consists of the antenna, RF front end, IF amplifier strip, demodulator, 
and power supply. The receiver mixes the input signal down to an IF frequency, 
amplifies it and demodulates it to give the original ECL bit serial stream out. 
This section describes each of the functional blocks in more detail, as well as 
individual component performance analysis. 

a) Antenna 

The antenna used in the receiver is the same type as that used in the trans- 
mitter. See appendix B for the details and specifications of this antenna. 

b) RF Front End 

The RF subsystem of the receiver mixes the incoming signal down to an IF 
frequency for demodulation. It consists of a 15 GHz local oscillator, two 18 dB 
isolators, and a harmonic mixer. Figure Cl shows a layout of these components 
and their relation to the other subsystems of the receiver. 

The local oscillator is a Central Microwave, model number CMF520, 15 GHz 
Gunn diode source. This source requires an input of +8 volts at approximately 
800 mA. The output power is 100 raW. This gives an efficiency of 1.6X. It has a 
frequency range of 12-18 GHz, and is mechanically tunable over HOO MHz. The 
local oscillator is used in a free running, unstabilized mode. When the LO sig- 
nal is mixed with the received signal, any frequency changes in the LO will be 
additive to carrier frequency changes from the transmitter. Therefore the sta- 
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DEMULTIPLEXER 


FIGURE Cl; RECEIVER SYSTEM SHOWING RF COMPONENTS 

bility of the local oscillator is as critical to the successful operation of the 
demodulator as is that of the millimeter wave source. 

In order to determine the stability of the local oscillator, frequency mea- 
surements were made similar to those described in Appendix B. Before measure- 
ments were made, the oscillator was securely mounted on a large heat sink plate 
to help compensate for thermal and mechanical instability factors. 

Figure C2 shows frequency measurements taken over a period of 100 secs. 

This graph shows a tendency for the frequency instability to be of a sinusoidal 

4 : 

nature. The frequency changes at a rate of about 333 Hz/sec, about an average 
frequency of 15.0005 GHz. The peak to peak frequency deviation is 22 kHz. This 
drift can be seen as a frequency modulation of the input signal, thus producing 
unwanted phase noise in the system. 
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FIGURE C2; MEASUREMENT OF FREQUENCY DRIFT 
1 SECOND/MEASUREHENT 
100 HZ RESOLUTION 
AVERAGE FREQUENCY = 15.000 GHZ 


Figures C3 and C4 also show measurements taken over a period of 100 
seconds. These were taken immediately after the measurements in Figure C2. As 
can be seen the average frequencies of these two runs are very closei to that of 
C2. Therefore the frequency is fairly stable, with only localized deviations. 
Sudden discontinuities shown in the measurements are due to mechanical vibra- 
tions. 
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FIGURE C3; MEASUREMENT OF FREQUENCY DRIFT 
1 SECOND/MEASUREMENT 
100 HZ RESOLUTION 
AVERAGE FREQUENCY = 15.000 GHZ 


In comparison, the drift of the local oscillator is much less than that of 
the millimeter wave source, and is essentially negli gable. 

The output of the local oscillator is input to two Western Microwave 18 dB 
isolators operating in series. This gives a total isolation of 36 d8. These 
isolators absorb reflections {which could cause frequency changes) from the mixer 
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FIGURE C4; MEASUREMENT OF FREQUENCY DRIFT 
1 SECOND/MEASURENENT 
100 HZ RESOLUTION 
AVERAGE FREQUENCY = 15.000 GHZ 


back into the oscillator. These reflections are due to impedance mismatch 
between the source and load of the mixer. 


The local oscillator and received signal are both input to the Hughes model 
number 474364-1001 harmonic mixer. Down conversion is accomplished by mixing the 
seventh harmonic of the LO signal with the carrier frequency of the received sig- 
nal. This gives theoretical IF frequency of: 7 (15 GHz) - 104.725 GHz = 275 
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MHz, which is the difference frequency of the mixing product. The conversion 
loss at the seventh harmonic is very poor, being about 21 dB. This contributes 
to the limited range of the UCS system. A manufacturer's data sheet is given in 
Appendix F. 

c) IF Amplifier Strip 

The IF amplifier chain was designed to provide the required input level to 
the demodulator and to improve the receiver sensitivity. This was best accomp- 
lished by requiring a constant input level of +16 dBm to the demodulator. 

A constant input level is maintained by using a automatic gain control (AGO 
amplifier. The A6C amplifier chosen is a Watkins Johnson model number 6210- 
320. It gives a constant power output of +7.5 dBm for an input range of -50 dBm 
to +5 dBm. It has a noise figure of 6.5 dB. Appendix F contains a manufactures 
data sheet of the AGO amp. 

An additional 8.5 dB of gain was needed to meet the demodulator require- 
ments. This was accomplished by inserting an amplifier stage after the output of 
the AGC amp. This is at point C as shown in Figure C5. The stage consists of a 
WJ-A59 IF amplifier with a 3 dB attenuator pad on the input. The WJ-A59 has a 
gain of 11.5 dB with a noise figure of 5.5 dB. For a +15 dBm output, the drive 
power requirement is: Pd = 16-11.5 = 4.5 dBm. The 3 dB attenuator provides the 
proper interfacing between the AGC output and IF amp input requirement. 

The theoretical minimum detectable signal at the input of the AGC amp (point 
B in Figure C5) is given by: S = K T^ BF (S/N) where K is Boltzmans constant, Tq 

is the ambient temperature, B = bandwidth, F = noise factor, and (S/N) = 
signal/noise ratio. For design purposes we choose F = 2, B = 130 X 10® Hz, and 
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SIGNAL 
OUTPUT 
+16 dBM 


FIGURE C5; I.F. AMPLIFIER STRIP 


S/N = 10. This gives S = -79 dBm. Clearly this value is too low for the AGC amp 
to give a constant level output and therefore our receiver sensitivity will not 
be improved. This result implies that an IF preamp stage is needed. 

The IF preamp stage is shown in figure C5 at point A. It consists of a 
WJ 6200-353 cascaded amplifier, followed by a 15 dB attenuator. This amplifier 
has a gain of 42 dB and a noise figure of 3 dB. The 15 dB attenuator is used for 
proper interfacing. 

With this stage added to the chain the theoretical noise figure is 3 dB 
(from F = F^ + (F^-l) + (F^-D), and the input level to the AGC is -50 dBm. 

~G G G 

1 1 2 

A complete schematic of the IF amplifier chain is shown in Drawing 4 of 
Appendix I. 
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FIGURE C6; BIPHASE DEMODULATOR USING SQUARING LOOP FOR CARRIER RECOVERY 


d) B1 -phase Demodulator 

Figure C6 shows the bt- phase demodulator which uses a squaring loop for car- 
rier recovery. The signal is input to a power divider (U3) from the IF amplifier 
chain. Here the signal is split equally between the synchronous detector and the 
squaring loop. In the squaring loop the frequency doubler, (U5), strips off the 
modulation leaving a double frequency carrier. 

In order to recover the carrier, a phase locked loop locks a voltage con- 
trolled oscillator (VCO) signal to the double frequency carrier. This is accomp- 
lished by inputting the VCO signal to a power divider (Ul). Here the signal is 
equally split between the synchronous detector and the squaring loop. In the 
squaring loop the frequency is doubled by the frequency multiplier (U4) and then 
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FIGURE C7; BI-PHASE DEMODULATOR 
BOARD LAYOUT 

amplified. This signal is then compared to the input carrier in the frequency 
multiplier (U7) of the PLL. The output is passed through the remainder of the 
PLL, and used as the tuning voltage for the VCO. (This is also the error signal 
used in the tuning of the receiver, as described in Appendix A.) The output of 
the VCO is then equal to the carrier frequency and phase shifted by 90 degrees 
from the carrier signal. Thus it is passed through a phase shifter in the squar- 
ing loop so it can be used as the reference signal in the synchronous detector. 
Figure C7 shows the physical board layout for the squaring loop and synchronous 
detector. 

In the synchronous detector the reference carrier and the received signal 
are mixed together in the mixer (U2). The output is lowpass filtered and trans- 
lated to ECL levels to give the demodulated signal. 
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FIGURE C8; ECL TRANSLATOR CIRCUIT 


The lowpass filter used in the synchronous detector is a three pole Butter- 
worth filter. It was found to have a cut off frequency of 65 MHz. This is suf- 
ficient to provide the demodulated output to the ECL translator section. A 
schematic of this filter is shown in Drawing 4 of Appendix I. 

The ECL translator circuit converts the demodulated bit serial stream to ECL 
logic levels that can be used by the D/A demultiplexer subsystem. A schematic of 
translator circuit is shown in Figure C8 and in Drawing 4 of Appendix I. The 
basis of operation is the exclusive Or gate (U6) with its input and output con- 
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nected together. The only voltage that satisfies both the input and output is 
the interal reference voltage, -1.3 volts. The input signal is then pulled down 
to be centered at the reference voltage. The two other gates square the signal 
and it is output at ECL levels. 

A demodulator which uses carrier recovery has a theoretical 3 dB better 
noise performance than other demodulation systems. In order to take advantage of 
this, it was necessary to ensure that the components were operating with minimum 
noise. This resulted in an input power requirement to the demodulator of 
+16 dBm. This is a main specification used for the design of the IF amplifier 
strip. 

Since the received signal bits can have a phase of either 0 or 180 degrees 
relative to the carrier, the demodulated output is either the desired signal or 
the negative of the desired signal. This ambiquity is resolved by transmission 
of a reference signal used by the data invert circuit in the DDACS. 

The phase locked loop used in the carrier recovery process was designed to 
track the drift in the millimeter wave oscillator. In order to design the PLL we 
need to determine the transfer characteristics required for each of the compon- 
ents. 


According to linear control theory we can model the phase locked loop as 
that shown in figure C9. By measuring the transfer function of the chosen VCO 
and phase detector we can determine the design of the other components. We will 
also be able to determine the natural frequency, lock in frequency and loop gain. 

The transfer function of the Phase detector is; 

e = K sin (e -0 ) « K (© -0.) for (0 -0„) < .74 radians 
dd 12 dl2 12 
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INPUT 



FIGURE C9; BASIC PHASE LOCKED LOOP 


The loop filter chosen 1s a first order LPF. Its' transfer function is given by: 

1 t c o- 

= 2isr- = - W" ^0 ‘ 


This constitutes a filter like that shown in figure CIO. 


The transfer function of the loop amplifier is given by: 


AK .(0 -0„) 

, d 1 2 

e = Ae. = ;r-~ 

a f 


The VCO transfer function is: 


*2 _ „ . "o _“d^o'®r®2> 

dt S ^ S S (2 +SSq) " ®2 
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OUT 


FIGURE CIO; FIRST ORDER LOW PASS FILTER 


Combining these relations we obtain a transfer function which relates phase 
error to input signal; 

(e^-G^) S{2 +SSq) 

" SC2+SS )+AK K 
1 0 0 d 


Further, the transfer function relating VCO phase to signal phase is: 


0, S(2+SS„)+AK 

1 0 0 d 


From this we can find the magnitude of the response in the frequency domain 
as: 


(u) 


1 

2 2 4 4 2 1/2 

(l+{a)/0 0 (4-2Y) + (WC) 0. Y ) ^ 


where 0 = — = approximate phase error for step change in frequency of C/2it 
and Y = AKqK^Sq. 


Using relations 1 and 2 we can determine steady state angle error, peak 
phase over shoot, frequency response, and cutoff frequency, all as functions of 
the parameters A, Kq, and Sq. 
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FIGURE C11; PLOT OF MAGNITUDE OF PLL 
TRANSFER FUNCTION FOR 
DIFFERENT Y VALUES 


These relations were found to have several implications for our demodulator 
system. From equation 1 it was found that the recovered carrier will be out of 
phase from the actual carrier by C/AKqK^ radians, (For a frequency drift 
of C/2n Hz.) The loop gain can be tailored for acceptable error performance and 
a peak overshoot of <.5. Figure Cll shows a graph of equation 2 whicn is low 
pass in nature. The implication is that the PLL will track slowly varying fre- 
quency changes in the signal, while rapidly varying changes will be attenuated. 
The cub off frequency was found to be AKqK^/Sq- 
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Measurements of frequency drift found slow frequency deviation of ±1 MHz as 
shown in figures B3 and B4. Using this information the VCO we chose is a Texscan 
VT0200 oscillator. This gives a fast tunable voltage over 200-400 MHz. The out- 
, put is isolated stabilized by using an attenuator followed by an amplifier on the 
output. The mixer chosen is a mini circuits SRA-1. A plot of frequency versus 
tuning voltage was made for the VCO and thus Kq was found. 

Kq is given by: 


Also by measuring the input phase difference versus output voltage of the 
phase detector we can determine K^. 

Kd is given by: 

. - AV 

*^d ■ a^T 

The following parameters were chosen, 
loop bandwidth =6.5 MHz 

This will give the recovered carrier 10 dB better S/N ratio than the data 
will have, to ensure quality demodulation- 
carrier frequency = 273 MHz 
f offset = ± 1 MHz 

Transient error angle (overshoot) = 3Q% 
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Solving the derived relations for a Sq and we obtained: 

A = 10 

0 ^» tc /18 

Sq = .015 |j,sec 

For an R = 50 q we found C = 300 pF 

From these parameters the circuit shown in Drawing 4 Appendix H was rea- 
lized. The extra components are for added frequency tracking, and biasing for 
the tuning meter. 

The following parameters were measured using the demodulator circuit. 

f center = 273.38 MHz 

capture range 272.67 - 277.01 MHz 

Locking range 270.50 - 278.8 MHz 

It was found that the demodulator could track frequency drift over an 
extended period. However coarse tuning was still periodically needed. 

e) Power Supply 

The power supply circuit for the receiver is shown schematically in figure 
C12. The power requirement for the local oscillator is +8 volts at 800 mA. The 
IF amplifier chain requires +15 volts at 432 mA and -15 volts at 15 mA. The 
voltage controlled oscillator for the bi -phase demodulator requires -30 volts at 
300 mA. The remainder of the demodulator circuit has power requirements of +15 
volts at 200 mA, -15 volts at 40 mA, and -5 volts at 150 mA. Commercial supplies 
were used for the +15, -30, and -15 volt requirements. Additional regulator cir- 
cuits were used to supply the +8 and -5 volts from the commercial supplies. 

Figure C13 shows the connections to the receivers voltage regulator board. 

Figure C14 shows the terminal block voltages for the receiver power distribution. 
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mm 


Pin 

Connection 

1 

N.C. 

2 

N.C. 

3 

N.C. 

4 

N.C. 

5 

N.C. 

6 

GND 

7 

N.C. 

8 

+8 V OUTPUT 

9 

N.C. 

10 

+15 V INPUT 

11 

N.C. 

12 

N.C. 

13 

FINE TUNE IN 

14 

N.C. 

15 

N.C. 

16 

N.C. 

17 

-5 V OUTPUT 

18 

N.C. 

19 

-15 V INPUT 

20 

N.C. 

21 

GND 

22 

N.C. 


Pi n 


A 

B 

C 

D 

E 

F 

H 

0 

K 

L 

M 

N 

(+8V) P 

R 
S 
T 
U 

V 
w 
X 

Y 
Z 


Connection 


N.C, 

N.C. 

N.C. 

N.C. 

N.C. 

GND 

N.C. 

+8 V OUTPUT 
N,C. 

+15 V INPUT 

N.C. 

N.C. 

FINE TUNE INPUT (+8V) 

N.C. 

N.C. 

N.C. 

-5 V OUTPUT 

N.C. 

-15 V INPUT 

N.C. 

GND 

N.C. 


FIGURE Cl 3; EDGE CARD CONNECTIONS ON VOLTAGE 
REGULATOR BOARD FOR UCS RECEIVER 
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FIGURE Cl 4; TERMINAL BLOCK VOLTAGES FOR UCS RECEIVER 
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APPENDIX D 

DETAILED DESCRIPTION OF A/D CONVERTER AND MULTIPLEXER SUBSYSTEM 


A block diagram of the ADCMS is shown in Figure Dl. It shows the ADCMS com- 
posed of four major functional blocks; two A/D converters, a multiplexer and a 
power supply. This section describes each of these functional blocks in more 
detail, including operational details, schematics, and layout drawings. 

a) A/D Converters 

The A/D converters that were used are the TRW TDC1007PCB, which are capable 
of digitizing to 8 bits at up to 30 megasamples per second. The TDC1007PCB is a 
circuit board which is based on the TRW TDC10070, a monolithic, LSI A/D conver- 
ter. The circuit board also contains an input buffer amplifier, offset and gain 
adjustments, and voltage regulators. Appendix G contains the manufacturer's data 
sheets on the TDC1007PCB and TDC1007J converters. 

One modification was made to the TDC1007PCB to allow a wider range of input 
offset adjustment. Resistor R4 (see pages A9 and AlO of Appendix G), of 
value 4.2KQ was replaced with a 2050 q, 1%, 0.1 Watt resistor. 

In the ADCMS, the A/D converters sample at a 10 megasample per second rate, 
which is controlled by a CONVERT signal which originates on the multiplexer 
board. Only the six most significant bits (Dl - D6) are used by the multiplexer; 
bits D7 and D8 are ignored. Figure D2 shows the multiplexer edge card connec- 
tions for the A/D converters. 
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Video 1 Input 
(0-5 MHz) 


Video 2 Input 
(0-5 MHz) 



(10 MHz) 


Power Supply 


Figure D1 . Block Diagram of A/D Converter and Multiplexer Subsystem 
(ADCMS) 

b) Multiplexer Board 

The multiplexer board multiplexes the A/D outputs into a serial stream, and 
performs several buffering and timing operations essential to operation of the 
ADCMS. All components are mounted on a single multilayer printed circuit 
board. Drawing 1 (Appendix H) is a schematic of the board, while Figure D3 shows 
its physical layout. The multiplexer uses emitter-coupled logic (ECL) in order 
to obtain the digital speeds required. All ECL parts used are Fairchild lOK and 
lOOK series. 
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(Component Side) 
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L2.iiiA2^^1i)U1213U15 1611. !£. 1 “ 21 21 22 
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O 


Pin 

Connection 

1 

AGND 

2 

AGND 

3 

AGND 

4 

AGND 

5 

AGND 

6 

AGND 

7 

AGND 

8 

AGND 

9 

AGND 

10 

N.C. 

11 

DGND 

12 

DGND 

13 

DGND 

14 

DGND 

15 

DGND 

16 

DGND 

17 

DGND 

18 

DGND i 

19 

DGND 

20 

DGND 

21 

DGND 

22 

DGND 


Figure 1)2. Edge 


Pin 


Connection 


A 

B 

C 

D 

E 

F 

H 

J 

K 

L 

M 

N 

P 

R 

S 

T 

U 

V 

w 

X 

Y 
Z 


N.C. 

N.C. 

N.C. 

N.C. 

-15V 

N.C, (REF IN) 

+1 5V 

N.C. 

ANALOG INPUT 

N.C. 

+5V 

CONVERT 
N.C. (D8) 

+5V (NMINV) 

D1 (MSB) 

D2 

D3 

D4 

+5V (NLINV) 

05 

D6 (LSB) 

N.C. (D7) 


Card Connections for A/D Converters 
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(Viewed from Component Side) 


Figure D3. Physical Layout of Multiplexer Board 

The outputs of the A/D converters are TTL level signals, which are converted 
to ECL on the multiplexer board by three 10124 TTL-ECL converters, U1-U3. Once 
converted to ECL, the data are latched by two 100151 hex flip-flops, devices U4 
and U5. These hold the data constant at the multiplexer chip input during each 
sample period, so that all twelve data lines can be multiplexed. U7 is a 100164 
16 input multiplexer, which multiplexes the 12 data lines and one synchronization 
line into a serial bit stream at Z output. The digital data from A/D converter 
#1 appears at pins (MSB) through Ig (LSB) of U7, and the digital data from 
A/D converter #2 appears at pins Ig (MSB) through pins Iq (LSB). The synchro- 
nization bit was chosen to be a constant logic zero at pin 1 -^ 2 ' 
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The clock for the multiplexer board is provided by a Vectron C0-233ME-B cry- 
stal clock oscillator. The oscillator frequency is 130 MHz and its output is ECL 
compatible. 

The 100136 four bit counter (Ull) provides all of the timing and synchroni- 
zation signals for operation of the multiplexer and A/D converters. The counter 
is configured to be preset to a digital '‘12" (i.e., QsQgQ^QQ = uoo binary) and 
count down to a digital "0" (0000). The digital “0" causes pin 8 of U8 to go 
low, which causes Ull to preset itself on the next clock pulse. Inputs P 3 P 2 P 1 P 0 
are configured 1100, which presets the counter to digital "12" once again, and 
the cycle repeats. Inputs P 3 and P 2 are held high by a diode connected to 
ground, inputs P^ and Pq are pulled low by internal pulldown resistors. 

The outputs of Ull are bussed to the control inputs of U7 and perform the 
function qf selecting the input line which appears at the Z output of U7. If the 
output of the counter is a digital " 12 " ( 1100 ), then input of the multiplexer 
is presented at the multiplexer output. Similarly, a counter output of "11" 
selects line and etc. 

The strobe signal for U4 and U5 is generated by MOR'ing outputs and of 
Ull. The result is a signal which is high when the counter registers a digital 
"12" and is low otherwise. Mew data is strobed into the flip-flop as pin 10 of 
U 8 makes the low-to-high transition. During the period that the counter output 
is " 12 ", the new data appears at U7's inputs, at which time the synchronization 
bit (I]^ 2 ^ being output, so that glitches in the multiplexer output do not 
occur due to changing input data. 
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The CONVERT signal which clocks the A/D converters is generated by NOR'ing 
the Q 2 and output of Ull. The result is a signal which is high when the 
counter output is "8", ”9", "10", or "11", and low otherwise. The resulting sig- 
nal, which appears at pin 5 of U8, is a pulse signal of 10 MHz rate, and 31 nsec 
pulse width. This signal is converted to TTL level by the 10125 ECL to TTL con- 
verter (U6). The A/D conversion cycle is triggered by the leading edge of the 
CONVERT signal. Ninety nanoseconds following the low-to-high transition of pin 5 
of U8, the data is clocked into U4 and 05. This allows ample time for the A/D 
conversion to take place, for propagation times through ECL-TTL and TTL-ECL con- 
verters, and for propagation time through interconnect wiring. 

The serial output of U7 is differentially encoded by the circuitry which 
follows. The purpose is to randomize the data, so that long strings of data of 
constant value do not occur. This facilitates clock recovery in the DDACS, which 
will be described later. The differential encoding is performed by EXCLUSIVE- 
OR'ing each new^ output of U7 with the previous output of the EXCLUSIVE -OR gate 
(U12). The effect is to convert strings of constant value to strings of alter- 
nating zeros and ones. Flip flops (U9) (100131) are used to clock the inputs to 
the EXCLUSIVE-OR and prevent glitches by ensuring that both inputs arrive at the 
EXCLUSIVE -OR gate simultaneously. An additional EXCLUSIVE-OR gate serves as a 
buffer between the board and the outside world. 

The schematic does not show termination resistors or power supply bypass 
capacitors. All ECL traces are 70 q microstrip, and are terminated to -2 volts 
with 68 q, 1/8 v/att resistors, the location of which are layout dependent. Ade- 
quate power supplying bypassing is included on the board to prevent the coupling 
of signals into the power supply. 
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Figure D4. Edge Card Connections for Multiplexer Board 
Figure D4 shows the multiplexer board edge card connections, 
c) Power Supply 

The power supply for the ADCMS ts shown schematically in Figure D5. The power 
requirement for each A/D converter is +15 volts at 50 mA, -15 volts at 500 mA and 
+5 volts at 125 mA. The power supply requirement for the multiplexer board is +5 
volts at 250 mA, -5 volts at 1300 mA and -2 volts at 600 mA. Commercial supplies 
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Figure D5. Power Supply Schematic for ADCMS 

were used for the +15, -5 and -15 volt power, while single-chip regulators were 
used to provide the +5 and -2 volt supplies. Figure D6 shows the voltages at the 
power distribution terminal strip. 
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Figure R6. Ternnnal Block Voltages for ADCMS 
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APPENDIX E 

DETAILED DESCRIPTION OF DEMULTIPLXER AND D/A CONVERTER SUBSYSTEM 


A block diagram of the DDACS is shown in Figure El. The four major func- 
tional blocks are: a] the clock recovery circuit, b) the demultiplexer and D/A 

converters, c) the synchronization circuit, and d) the power supply. The clock 
recovery circuit takes the input serial data stream and extracts a clock signal 
from it. Both data and clock are passed to the demultiplexer and D/A circuit, 
which differentially decodes the data stream, identifies the synchronization bit, 
and demultiplexes the data into two 6-bit parallel data streams at 10 Mb/second 
each. These are fed to two D/A converters and low pass filters which convert 
them to 0 - 5 MKz video signals. The automatic data invert circuit decides 
whether the polarity of the incoming data stream is correct, and if not, auto- 
matically inverts it. Power supplies provide the power for the DDACS. Each of 
the major components is described in greater detail below. 

a) Clock Recovery Circuit 

The clock recovery circuit, as mentioned previously, recovers a clock signal 
from the incoming data stream. The clock is then used for timing by later pro- 
cessing circuits. The clock recovery circuit looks for transitions in the incom- 
ing data. Each time a transition occurs, a pulse is created by a special logic 
circuit. A voltage controlled oscillator is then phase-locked to this generated 
pulse stream. Since the incoming data cannot have a transition for every data 
period, the pulse stream will have missing pulses; in other words, there will not 
be a pulse for every data period. Because of the differential encoding in the 
ADCMS however, a pulse will occur for approximately 50% of the data time slots. 
The bandwidth of the feedback signal of the phase-locked loop is narrow, so that 
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Serial Data Input 
(130 Mbs/sec) 



Figure El. Block Diagram of Demultiplexer and D/A Converter Subsystem 
(DDACS) 

the phase-locked loop will drift through those periods when pulses are missing 
and not change significantly in frequency. 

Drawing 2 in Appendix H shows a schematic diagram of the clock recovery cir- 
cuit. The input, a 130 Mb/sec ECL signal, is buffered by an EXCLUSIVE-OR gate. 
The output of this gate, pin 13 of Ul, goes to the inputs of another EXCLUSIVE-OR 
gate by two different paths. Pin 17 of U2 receives the signal by a direct path, 
while pin 16 of U2 receives the signal delayed by 3.6 nsec. The delay is imple- 
mented by running the signal through three EXCLUSIVE-OR gates in series. The 
output of this EXCLUSIVE-OR gate is low whenever the data is unchanging, and a 
3,6 nsec high pulse whenever the data changes logic levels. The width of the 
pulse, 3.6 nsec, is approximately one-half the period of a 130 MHz clock sig- 
nal. The pulse output is compared to the output of a voltage-controlled clock 
oscillator (Vectron 275-4909, which has an ECL compatible output) by an EXCLU- 
SIVE-OR gate. The gate output (pin 13 of U2) is high whenever the two inputs 
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(Viewed from Component Side) 


Figure F2. Physical Layout of Clock Recovery Circuit 

have different logic levels, and low whenever the two signals have the same logic 
level. The effect is similar to multiplying two bipolar signals. Both the 
inverted and non inverted outputs are low-pass filtered to give a loop error sig- 
nal. A differential amplifier with gain of 10 amplifies the signal to feed back 
as the VCO tuning voltage. The feedback loop causes the VCO to lock 90 out of 
phase with the pulse signal, in order to drive the loop error signal to zero. 

The circuit outputs are the original ECL data stream and the inverted and 
noninverted output of the VCO. All outputs are buffered by EXCLUSIVE-OR gates. 
Figure E2 shows component locations on the clock recovery board. 
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Figure 113. Physical Layout of Demultiplexer and D/A Converter Board 
b) Demultiplexer and P/A Converter Board 

This board provides the DDACS with the functions of differential decoding, 
demultiplexing, synchronization, and D/A conversion. A schematic is shown in 
Drawing 3, Appendix B. Figure £3 shows the Physical layout of the board, and 
Figure E4 shows edge card connections. 

The differential decoding reverses the differential encoding that is per- 
formed in the ADCMS, recovering the original (unencoded) data. The decoding is 
done by EXCLUSIVE-ORing a received bit with the previous bit that was received. 
The ouptut of the EXCLUSIVE-OR (pin 11 of U3) is the decoded data. Flip-flops 
are used to sequence the data into the EXCLUSIVE-OR inputs so that glitches do 
not occur due to timing offsets. 


WtCOOt^mEM-L, DOtJGt-AS ASTHOIVALITICS COMPAPJ^-ST. uouts 














ULTRAIVllCROWAVE COWIIVIUNICATIONS SYSTEM - PHASE III 


FINAL REPORT 


REPORT MDC E24S1 23 OCTOBE R 1 981 


( 





(Component Side) 


Pin 

Connection 

Pin 

1 

GND 

A 

2 

GND 

B 

3 

GND 

C 

4 

GND 

D 

5 

GND 

E 

6 

GND 

F 

7 

GND 

H 

8 

•(•5V 

J 

9 

Data Invert Input 

K 

10 

PO Output 

L 

n 

TC Output 

H 

12 

+5V 

N 

T3 

GND 

P 

14 

GND 

R 

15 

GND 

s 

16 

GND 

T 

17 

Video 1 Output 

U 

18 

Video 2 Output 

V 


Connection 


-5V 
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Figure E4. Edge Card Connections for Demultiplexer and D/A Converter Board 
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The demultiplexing process begins in the 100141 8-bit shift registers U4 and 
U7. Each data period, the current data bit is clocked into U4, and the previous 
data bits are shifted by one position. Every thirteenth clock cycle, twelve bits 
of data are strobed into a pair of 100151 hex flib-flobs, U5 and U8, which serve 
as buffers between the shift registers and the D/A converters. At a later time, 
the data is strobed from the hex flip-flops into the D/A converters. 

The strobe signals for the hex flip-flops come from UlO, a 100136 counter. 

In the normal case, when the data is already synchronized {the synchronization 
process will be described later), the counter counts up from "0" to “12" 

(Q3Q2Q1QQ is 0000 to 1100). When the counter reaches "12", pin 8 of Ull goes 
low, which pulls control pins and $2 of the counter low, causing the counter 
to reset to zero at the next clock pulse. The counter then resumes counting 
upward until it once again reaches "12" and resets. 

The strobe for U5 and 118 is given by pin 9 of Ull. This signal is high when 
the counter is at "12“ and low otherwise. Data is strobed into U5 and U8 at the 
low-to-high- transition of this signal. 

The strobe for the D/A converters is the Q3 output of counter UlO. This 
signal is high when the counter is at "8", "9", "10", "11", and "12", and is low 
otherwise. This provides a clock signal of approximately 38 nsec pulse width for 
the D/A converters (a clock of at least 15 nsec width is required). The data is 
clocked into the converters at the low-to-high transition of the clock signal. 

At the same time that twelve bits of data are being strobed into U5 and U8, 
a thirteenth bit is strobed into U2, a 100131 flip-flop, at pin 3. When the cir- 
cuit is synchronized, this bit will be the synchronization bit, i.e., a low. If, 
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however, the circuit is not synchronized, this bit could be either a low or a 
high. The inverted output of the flip-flop (pin 5) is NOR'd in a 100102 {U15) 
with the signal at pin 11 of Ull, which is a low when the output of UlO is "3" 
and high otherwise. The output of the NOR gate (pin 11 of U15) is a constant low 
if the synchronization bit is a low, and a 7.7 nsec high pulse if the synchroni- 
zation bit is high (in which case the circuit is not synchronized). 

The number of high pulses output by the NOR gate (pin 11 of U15) is counted 
by U12, a 100136 counter. Each time a pulse occurs, the count is incremented by 
1 until a count of "4" is reached. At this point, Q2 (pin 8 of U12) goes high, 
which forces Sq (pin 20) high and causes the counter to hold the present count. 
Additional pulses are ignored by the counter. 

Simultaneously, while U12 is counting the number of synchronization bits 
that are not low, another 100136 counter, U14, counts the number of sync bits 
that have elapsed. Pin 10 of Ull is the clock input to this counter, and is high 

when the count of UlO is "3" and low elsewhere. Counter U14 is configured to 
count up, so each time a pulse arrives the count is increased by one. When the 
count reaches "15", pin TC (pin 1 of U14) goes low, which triggers several 
events. First, outputs Q2 and Q3 (pins 8 and 11) of counter U12 are clocked into 
U13 (100151 flip-flops). This occurs when counter UlO reaches a count of "6" 

(pin 4 of Ull low). Next, the count of U12 is reset to zero, which occurs when 
counter UlO reaches a count of "12" (pin 8 of Ull low). 

Pin 12 of U15 indicates whether the circuit is synchronized or not. It 
results from NOR'ing outputs Q2 and Q3 (pins 8 and 11) of counter U12 (after 
clocking through U13). If U12 has reached a count of 4 or greater non-zero sync 
bits, Q2 will be high, and pin 12 of U15 will be low. If fewer than 4 non-zero 
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sync bits are counted, then and will both be low and pin 12 of U15 will be 
high. This circuit interprets a high signal at pin 12 of U15 to mean that the 
circuit is correctly synchronized and a low signal to mean that the circuit is 
incorrectly synchronized. 

After every sixteenth synch bit, TC of U14 (pin 1) goes low. If pin 12 of 
U15 is low, then pin 3 of U15 goes high, raising input Pq of UlO high. This sig- 
nal enables the loop to synchronize itself, for instead of loading a count of "0" 
into UlO at the next opportunity, it will load a "1". All timing functions will 
then be advanced by one bit. In this way, the multiplexer slips one bit at a 
time in search of the correct synchronization. 

If pin 12 of U15 is high, then the synchronizer is already assumed synchro- 
nized. In this case, counter UlO loads a count of "0" and continues to do so as 
long as synchronization is maintained. 

The probability of losing synchronization and the mean time before synchro- 
nization loss can be calculated versus signal-to-noise ratio of the data. In any 
sixteen synchronization bits, the probability of losing synchronization is given 
by the probability of seeing >3 errors in 16 bits. 

(Prob of >3 errors in 16 bits) = (prob of 4 errors) + (prob of 5 errors ), + . . . 

+ (prob of 16 errors), (1) 

where the probability of seeing s errors in 16 bits is 

(Prob s errors in 16 bits) = (2) 

r * 

where P is the probability of a bit error, and C = -rn — i — rr * 

The probability of the loop losing synchronization in a 1.6 psec interval (16 
sets of 13 data bits) is shown in Figure E5 for various data signal-to-noise 
ratios. It is seen that for reasonably high signal-to-noise ratios (greater than 
10 d8), the probability of synchronization loss is very small (less than 1 x 
10-18) _ E8 
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Another measure of synchronization integrity is the "mean time to lose 
synchronization" which is defined as the time interval in which the probability 
of synchronization loss occurring at least once is exactly 50%. This value can 
be calculated from the probability of the loop losing synchronization in a 
1.6 tisec interval (Pls^* The probability of the circuit losing synchronization 
at least once in n 1.6 [isec intervals is given by 

(Prob of ^ 1 synch loss in n intervals) = 1 - (Prob of zero synch losses in n 

intervals) 

= 1 - (1 - Pls)", (3) 

which is set equal to 0.5. This is solved for n. The mean time to lose synchro- 
nization is then 

mean time to lose sync = n x 1.6 psec (4) 

These values are also plotted in Figure E5 versus the data signal-to-noise 
ratio. From this graph it is seen that signal-to-noise ratios greater than 10 dB 
give mean time to unlock values greater than lO^^ seconds (3 x 10^ years). The 
implication of this is that the circuit will tend to maintain synchronization 
even if moderately noisy data is received. 

An additional complication presents itself in the case of data transmitted 
over a biphase modulated data link (as in our system). The complication arises 
due to the 180° ambiguity inherent in the demodulation process. Without prior 
knowledge, the receiver cannot determine actual phases of data bits (0° or 130° 
for bipolar data), only relative phases between the data bit and some reference 
signal . 
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The result is that the receiver will output either the data as sent, or its 
inverse. The DDACS contains additional circuitry, in the form of an automatic 
data invert circuit, that decides whether the data is being received correctly or 
inverted and sends a signal to the Demultiplexer and D/A Converter Board to 
invert the data if necessary to correct it. The interface to the automatic data 
invert circuit is through two outputs and one input. One output (TC) is a pulse 
train that goes high every 1.6 p.sec, whenever TC of U14 (pin 1) goes low. The 
other output (Pq) is a high pulse coincident with TC whenever the synchronizer 
sliPs a bit in search of proper synchronization. If synchronixation is main- 
tained, the Pq output is a constant low. The "invert input" is a signal which is 
output by the automatic data invert circuit. This signal is presented to pin 7 
of the input EXCLUSIVE-OR gate (Ul), and has the effect of inverting the input 
data if the logic level of pin 7 changes. The automatic data invert circuit is 
constructed using TTL logic, so the output signals are buffered with 10125 ECL- 
TTL converters, and the input with a 10124 TTL-ECL converter, 

c) Automatic Data Invert Circuit 

The automatic data invert circuit provides the DDACS with the means to 
decide whether the input data is the data which was sent or its inverse. If the 
data is being received inverted, the data invert circuit sends a signal to the 
demultiplexer and D/A converter board to correct the data by complementing it. 

If the demultiplexer is unable to synchronize within 410 psec (this is 4096 
samples), the auto data invert circuit assumes that the incoming data is 
inverted, and outputs a signal to invert it back. At this point, the demulti- 
plexer has another 410 psec to establish synchronization, or the data will be re- 
inverted once again. This process continues until synchronization is estab- 
lished. 
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Figure E6. Schematic of Automatic Data Invert Circuit 


Figure E6 shows a schematic of the automatic data invert circuit. The two 
inputs, TC and Pg, come from the demultiplexer board. The TC input is a pulse 
signal with a pulse width of 100 nsec and a pulse spacing of 1.6 (isec. One pulse 
occurs whenever the demultiplexer has examined 16 synchronization bits. If there 
have been ^ or more logic highs in that group of 16 sync bits, a high pulse will 
be output on the Pg line coincident with the TC pulse. If there have been fewer 
than 4 highs in 16 sync bits the Pg line remains low. 

The automatic data invert circuit counts the number of Pg pulses that occur 
in 255 TC pulses. If the number of Pg pulses is a large fraction of 255 the 
demultiplexer is having difficulty establishing correct sync. The automatic data 
invert circuit assumes this is due to the complement of the correct data being 


E12 


/VfCOO/WiT/-/. DOUtSt-AS A^TtaOIVAIJTICS ceyiVIPAItIV -ST. UOtJIS oix/isiom 





















ULTRAWIICROWAVE COMMUNICATIONS SYSTEM - PHASE III 


FINAL REPORT 


REPORT MDC E2461 23 OCTOBER 1981 

received. (It could also be due to noisy data being received). The auto data 
invert circuit causes the data to be inverted if 128 or greater Pq pulses occur 
in 255 TC pulses. 

The TC input line serves as clock for four 4-bit counters: Ul, U2, U4 and 

U5. Counters Ul and U2 are cascaded, and count the number of TC pulses. When 
each counter reaches a count of "15", the RC output line (pin 15) goes high. 

This is detected by NAND gate U8 which puts out a low on pin 3 whenever pins 15 
of both Ul and U2 are high. 

Counters U4 and U5 count the number of Pq pulses. The TC pulse, delayed 38 
nsec by passing it through 4 inverters, is used to clock a 74LS74 flip-flop. The 
output of the flip-flop is high if a Pq pulse is present, low if it is missing. 
The flip-flop output is connected to the P enable input of a pair of cascaded 
74LS163 counters. When P is high, the counters increment by one with each clock 
pulse (TC). When P is low, the current count is maintained. 

When counters Ul and U2 reach a count of 255, J-K flip-flop U6 is clocked by 
pin 3 of U8 (High to low transition). The output Qq of counter U5 is connected 
to the 0 and K inputs of U6. If 128 Pq pulses or more have been received, Qq 
will be high. Otherwise Qq will be low. Having both the J and K inputs high 
causes the output of U6 to toggle, which causes the data to invert at the demul- 
tiplexer board. The next TC pulse clears counters U4 and U5 and returns counters 
Ul and U2 to a count of zero so the process can start again. If fewer than 128 
Pq pulses have been received, Qq will remain low. Clocking flip-flop U6 results 
in no change to its output state, and no subsequent inversion of the data occurs. 

Figure E7 shows the physical layout of the automatic data invert circuit, 
and Figure E8 shov;s the edge card connections. 
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Figure ER. Edge Card Connections for Automatic Data Invert Circuit 
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d) Power Supplies 

The power supply for the DDACS is shown schematically in Figure E9. The 
power requirement for the clock recovery circuit is +24 volts at 50 mA, +15 volts 
at 60 mA, -2 volts at 300 mA, -5 volts at 450 mA and -15 volts at 60 mA. The 
power requirement for the demultiplexer and D/A board is +5 volts at 120 mA, -2 
volts at 1.9A, and -5 volts at 2.5A. The automatic data invert circuit requires 
+5 volts at 250 mA. Commercial supplies were used for the +24 and -5 volt power, 
while additional regulators were used to supply the +15V, +5V, -2V and -15V 
power. Figure ElO shows the terminal block voltages for the DDACS power distri- 
bution. 
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Figure E9. Power Supply Schematic for DDACS 
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Figure ElO. Terminal Block Voltages for DDACS 
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Transmitter and Receiver Components 
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C/v\.C ' 

cenlrol microwave company 


CA/1K4A 

W band 

GUNN OSCILLATORS 


The Centrat Mccrowsve Company CMF t200 series W 
band Gunn oscitlator product Imeconsists of fixed frequency 
mechanicaily trimmed sources with power levels up to 25 
mW These oscillators combine Central Microwave's high 
performance Gunrt diodes and matching cavity in a source 
design maximizing the performance of this combinaticn 
The stability and low naise characteristics of these units 
make them ideally suited for service as LO s anti paramp 
pumps 

The w band source line provides ±100 MHz smooth 
mechanical tuning With 8 frequency temperature coefficient 
of 2 S MHz/®C Power stability is 0 05 dB/*C 


Power input to the source is by a miniature feed-thru 
which IS shunted imernally by a Central Microwavesuppliad 
bias transient and low frequency oscillation supression 
circuit The body is machined from high conductivity copper 
with cooling provided by conduction through the U3 
3B7/U'~WR 10 mating connector 

This sheet describes a basjc product which wUI fulfill 
many applications Rapid response will be given to requests 
tor custom designs requiring modification in tuning tem- 
perature range, or other parameters required to meet a 
specific application 


ELECTRICAL CHARACTERISTICS AT 25^ C 


Model' 

Number 

Frequency' 

Range 

6H£ 

Tuning 

Range 

MHz 

Minrmum 

Power 

mW 

Maximum^ 

Operating 

Voltage 

V 

Maximurn^ 

Operating 

Current 

MA 

CMF1207 - . 

so-no 

± 100 

5 

6 

750 

CMF12I0-- 

90-110 

± 100 

10 

6 

900 

CMF1214 - - 

90-110 

± 100 

25 

6 

1200 


1 The customer wilt supply specific center frequency m the purchase order A letter code will be added to the pan number 
by Central Microwave to define specific units shipped This complete number should be included on re-orders 

2 Oscillators will meet specification at voltage and currents equal to or less than maximum Specific values required will 
be supplied with each source and may vary between units 

ABSOLUTE MAXIMUM RATINGS^ 

Temperature range storage -55°C to +t25®C 

Temperature range, operating -55°C to +65®C 

Voltage TV 

3 Exceeding these values for even transient periods may result m damage to oscillators CMF1200 senes oscillators will 

not be damaged -by operation over -55*^0 to temperature range, however specified power and frequency and 

power-frequency coefficients rnay only be met in the range 25 to SO^^C 

Spectficaiions subject to change 


JAN 1980 


3701 Mueller Road * St. Charles, Missouri 63301 © 314-723-4700 
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PIN Bl-phase Modulators 


"■*-.;Huohw.PlNBH*^lK<ftilatoreare"drd2atw 
" ^^pettvten^mobutatoisthatprevidealSO'phassehaiige'ior' ' . ^ 
"/.■The signal passing thiough.They are aval labte in six wave- - ' - 
>/guideban(lsbetw^26£an(1110GHz.- T 

jjThe'switehlnospeedoflheHughesPiNdlodeGnables ' tBi 
^niodulatIoniate3up.ta,1'g[gaM-per-seccxKLDifferentlal 



INSERTION LOSS 


INSERRON LOSS (dB max) 


OTHER ELECTRICAL SPECIFICATIONS 


RF BANDWIDTH (%typ) 4 0 

POWER HANDLING (mW max)' 100 

SWITCHING TIME (10»/c to90%)(ps) <500 

MAX MODULATION RATE {gioabits/sQc) >10 

ON CUHflENT(mAmax) tO 

OFF VOLTAGE (V max) 10 

VSWR(typ) 13 to 15 

DIFFERENTIAL PHASE ERROR ^ 2 ^ 

AMPLITUDE UNBALANCE <dBtyp) 0 5 

(dB max) 1 0 


NOTE A7lssaal)cationsa3Dtyai2S*CarM>teftii»moitratuf» 


HOWTO ORDER <Soecily Center Freouencyamme of oroer) 
Model Number 4799XH XOCO 


Frequency Sand 1 Ka 
20 
3U 
4V 
5£ 

6 W 


Flange Type 1 Rour»d 

2 Square (Ka band only) 


EXAMPLE To order a 60GHz V Sand PIN Biphase Modulator spec 
ify a Hughes Model *^799^H lOCO center freauency = 
60GHz 
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CME SERIES ELECTRONICALLY TUNED GUNN OSCILLATORS 


The Central Microwave Company CME senes Gunn 
osciliatcr product Ime consists of electronically tuned 
sources with power levels up to 500 mW These oscillators 
combine Central Microwave's high performance Gunn 
diodes, varactors and matching cavity m a source design 
maximizing the performance of this combination 

Input to the Gunn diode is across two solder lugs 
which are shunted by a Central Microwave supplied bias 
transient and low frequency oscillation supression circuit 
A third solder lug provides varactor input The body is 
machirKd from high conductivity copper with cooling 


provided by conduction through the mating flange or base 
This luting describes a range of standard products 
which will fulfill many applications Rapid response will be 
given to requests for custom designs requiring modification 
in tuning, temperature range, or other parameters required 
to meet a specific application The possible combination of 
power levels, mechanical and frequency tuning specifications 
are too numerous to allow a complete listing of those 
available Please contact Central Microwave or your local 
representative with your specific requirements 


ELECTRICAL CHARACTERISTICS AT 25°C®'^ 


NUM8ER 

PREDUENCY^ 

RANGE 

GHr 


TUNING 

RANGE 

MHi 

MINIMUM 

POWER 

MW 

MAXIMUM^ 

OPERATtNG 

VOLTAGE 

V 

MAXIMUM^ 

OPERATING 

CURRENT 

riA 

MAXIMUM 

TUNING 

VOLTAGE 

V 



MECH £tEC 





CME310 >> 

4^ 

500 

250 

10 

15 

5X 

50 

CME320 - 

4.8 

250 

100 

IX 

15 

1000 

50 

CME327 - 

4.8 

100 

X 

5X 

15 

2000 

50 

CME410 

6.12 

500 

2S0 

10 

12 

sx 

50 

CME420 - 

8-12 

250 

too 

IX 

12 

1D00 

50 

CME427 - 

8.12 

IDO 

30 

5X 

12 

2000 

50 

CMES10 - 

12 18 

500 

250 

ID 

9 

6X 

50 

CME520 

12 18 

250 

100 

IX 

9 

1200 

50 

CME527 - 

12 18 

100 

X 

5X 

9 

2500 

50 

CME610 - 

18<26 

250 

150 

10 

8 

750 

50 

CME620 - 

18-26 

150 

IX 

IX 

8 

12X 

50 

CME623 > 

18-26 

100 

30 

2X 

8 

2000 

SO 

CME710 - 

26-40 

250 

IX 

10 

6 

750 

50 

CME720 . 

26-40 

100 

X 

IX 

6 

1500 

50 

CME810 - 

40-53 

250 

IX 

10 

5.5 

000 

50 

CME817 - 

40-83 

100 

X 

50 

bJS> 

15X 

50 

CME910 - 

54 61 


Consult 

10 


Consult 


CME914 - 

54 61 


Factory 

25 


Factory 


CME1010" 

62 70 


Conivlt 

to 


Consult 


CME10I4^ 

62 70 


Factory 

25 


Factory 



3 ABSOLUTE MAXIMUM RATINGS 

Temperature rar>ge, storage — 5S^C to -•■12S®C 

Temperature range, operating -55°C to +65®C 
Voltage 1 i x Vmax 

Exceeding these values for even transient periods may result in damage to oscillators CM— senes oscillators 
will not be damaged by operation over '55^0 to -f65^C temperature range, however, specified power and fre 
quency and power frequency coefficients may only be met in the range 25®C to45°C Broader temperature 
range units may be purchased as a special item 

4 Ail specifications are into a load VSWR of 1 3 1 maximum Units will not be damaged working into higher 
VSWR, but specifications may not be met Integral isolators can be provided by Central Microwave 
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HUGHES 


MILLIMETER-WAVE 
HARMONIC MIXER 


UGHES AIRCRAFT COMPANY 

eiECTRon Dynamics Division 


TEST DATA 


MODEL NO. 47436K-I002 


DATE 12-17-79 

SERIAL NO 

010 



SALES ORDER NO 

442 £ I 



PRPntiPMrv RAtMr> 

15-110 

GHz 

WAVEGUIDE .SIP.E WR-10 

Dinnp WAFER SERIAL NO 3585 


FLANGE MIL F 3922/ fiVK-OUl 

SIGNAL FREQ 


LO FREQ 

CONVERSION LOSS 






PRODUCTION supervisor 


COMMENTS 


SEE CAUTION NOTES 
REVERSE SIDE 




QUALITY ASSURANCE 
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•FINAL TEST 


'W3C- Amplifier P/N 6210-320'“ 

Tcbtor 


QA 

Datu 


'''N . • t.- . 

Uaia lakjQ at 
room ti-mptratur 


Current h1.1V 




>1 \ -I'A 


/cr>’ 


Output power 5.u Po j< ti.5 •, •, 
Frequenoi' 50MHz - 500MHz 


' 

-inouf 

power 

Maximum 
ortDut * 
power 

Minimum 

output 

power 

j 

Suppressiofi gg^n 

of Strongest ( 55 dE. | 

Hannonic, ' min.) ! 

r 

< 1 

+5dBm‘ 

y 

() - 

1 


m 


\ ; 

- 50‘tl6m 

'y,5S/^ 

/7A 

! 1 



B WATKINS-JOHNSON COMPANY 

IJ £L£CTRON DEVICES ClCCTROmC SYSTEMS 

SIZE 

A 

1 CODE IDENT NJ'j-JWG S."1 


B 

g ^AlO ALTO CAltrOANIA 

1 SCALE 

IDIV. =tEV /, 1 

— — ^ 

isrii 

[gar>a?H 


773-5 


f 
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VrO Series 



VTO SPECIFICATIONS 


Mode] 

Frequency 

Range 

(GHzi 

Power 

Output 

(mW) 

Power Variation 
Over Freq Range (dB) 

Bias 

Tuning 

Voltage Range 

Tuning 

UnearrtY 

VTO-150 

1 5 to 3 0 

100 

6 Typ 

-24VDC@ 150 mA Typ 

OXO -65 VDC 

10% 

VTO-200 

2.0to40 

50 

6 Typ 

-24 VDC @ 150 mA Typ 

Dto -65 VDC 

10% 

VTO-300 

3 0 to 4 0 

30 

6 Typ 

-24 VDC@ 150 mA Typ 

0 to *65 VDC' 

10% 

VTCMOO 

40to50 

25 

6 Typ 

•24 VOC@ ISO mA Typ 

0 to -65 VDC 

ICWe. 

VTO-500 

5 0 10 6 0 

20 

6 Typ 

-24 VDC @ 150 mA Typ 

Oto -65 VDC 

10% 


All Units 


Signal to Harmonic Ratio 
Non-Harmonic Spunous Rejection 
Frequency Pulling (13 1 VSWRj 
Frequency Dnft (PPMfC) 
Amplitude Dnft (-SCrC to +60^0 
Frequency Pushing 
Opposite tuning voltage available. 


15 dB down mm 20 dB Typ 

eSdBTyp 

±2% Typ 

250 Typ 

1 dBTyp 


1%rVohTyp 
consult factory 


Mechar^l 

Connectors — RF SMA 

I>C Solfler Feedthm 
Tuning Solder Feedthru 
standard SMA 
for modulation 

59 
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APPENDIX G 
Data Sheets, on 


TRW TDC10070 Monol'ithic Video A/D Converter 

and 

TRW TDC1O07PCB Video A/D Converter Board 
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MONOLITHIC VIDEO 
A/D CONVERTER 

B BIT, 30 MBPS 


Model: TDCI007J 


Hie TRW TOC1007J it «n 8 bitlully- 
ptnllel (flithi A/0 converter capable of 
bigitizinc an entlog iignil at rates from dc to 
30 megasamplet per tecond (MSPSl. It wilt 
accurately tample, without an external 
timple^nd-hold circuit, input signals with 
fraquepcy components up to 7 MHz (com- 
parator 3 d6 bandwidth of 40 MHz) 

A tingle convert signal controls the 
unit operabon, which oontiits of 2SS 
templing eomperetors, combining logic, end 
an output buffer register. Recovery from a 
full scale step input occurs within 20 nsec. 
Controls are provided for straight binary or 
oftet two's complement output coding, in 
true or inverted sartte 

The TDC1007J it patented (Ho 
3283170), with other patents pending. It 
is covered by TRW's standard 1-year limited 
warranty. 


FEATURES 

■ 8 bit rasolution 

• 30MSPS 

a No sample-and-hold circuit required 

• Aperture Jitter 30 psee 
a Differsnbal phase 0.5° 
a Diffsremiel gain 1£% 

a Binary or two's complement output 
a Monolithic, bipolar, TTL 
a 64-pin ceramic DIP 
a 2J) W power dnsipation 

APPLICATIONS 

• Video data conmsion 

3X or 4X NTSC color 
3X or 4X PAL color 

• Radar ditaoonsenion 

• High speed multiplexed data acquisition 




mivisi PRODUCTS 

2S2S B. SI Seeum/o BlnL, Et Stguniio. CA S0245 
e Tatv Inc. U7S (213) B3S~1S31 


ieit~10/79 
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TDCI007J 



1 ■ ■ ■ ■ 1 

I 

t 1 

>iK 

> 

m 

: 

• 

1 

r 

f 

r 

=■ 


Figure 3 Digital Input Equivalent Circuit 




Figure 4. Output Circuits 


Pflffortnance charactafirtica, typical over recommended operating tamperattira range 


PARAMETER 

TESTCOKIPITIONS 


UNIT 

R«sokjtton 


8 

Bio 



0,39 

% 

Input Rtngt 


20 

V 

LHwanty Errpr 

D to 20 M5PS convtriJort fit* 

0,3 

% 

OtfMi Errer, Tap 

VpT « q V • -2 J) V (Ne» 31 

+30 

mV 

Bottom 

Vj^-OV Vf^g-*2.0 V(Hoi*3) 


mV 

Apemiro Jitter 


30 

psec 

Oiffinniiftl PtUM 
Dlfflttntlll 

NtBC or PAL r«mp moduitttd with * 
40 IRE color subcarritr (Not* 4) 

0,6 

D*g 


i£ 

% 

BsAPwvidth 




3.0d3 


40 

MHz 

OldB 


7 

MHz 

Tmnu«nt Rnponat 

RfCOvtfv froiTi full «c*lt Input tt*p 

30 

ruoe 

8(gn«l*te>Mob« Ratio 

10 MH< bandvvidth 

26 MSP$ oenwvlon nt* (Not* 61 


- 

P*akSlgnal/RMS Nsiae 

1248 MHe Incut 

66 

dS 


2,438 MH 2 Input 

64 

dB 

RMSSitntimMS Neite 

1248 MKi Input 

46 

d3 


2A38MHS Input 

45 

ds 

Wolee fewer Betio 

DC to 8 MHz whit* ooti* birtdwidtft 
4o loading 1,248 UHz ilot 
20 MSPS corr/trs/en nt* (Not* 61 

36^ 

dB 


TRWistPtioovcTs 

A2 


G3 
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TDC1007J/TDCI007>M 

COMMERCIAL AND MILITARY SPECIFICATIONS 
Absoluts maximum ratings (beyond which the useful life may be impaired) 

Suppir «>lt» 9 e, Vcc , .. -0 5 to +7 0 V 

Vee * ^ .-K)5 to-7 ov 

AqnD +10to-tOV»l 

input VDhag»» digital .. «*** * 

*n«log, V|N, Vrt,Vrb 

IVrt • VrsI 2.6 V 

Input exuivnt i]N* .. . . . . -flOO to -100 mA t 

Outputvoltagc to *•‘7 0 V 

T«npcntun. ppvrsting. «mb)fnt ^ to 4^130°C I 

}im«ior» +17S®C 

tead loldanng (lOavcondi) +300®C 

WW -65to+lS0®C 

Racommsnded operating conditions 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Vcc Sucplv VolUfit (TDC1007JI 

44 75 

450 

4525 

V 

(TDCia07J.M) 

44.5 

+SA 

455 

V 

Vee Supply Voltage 

-575 

•CA 

' -625 

V 

Afitgo Analog Ground Voltage 

•0.1 


40 1 

V 

V()T Refirenee Input. Top 

-1 1 

0 

401 


Vff B Rtfannco Input. Bottom 

-OS 

-2.0 

-21 


VpyVp3 Input Voltage Ranga 

1J) 

2J} 

22 


Convert Pulfi Width, High (Note 1} 

16 



ft$ec 

r {iVVO CooMft Pultt Width, Low (Nott 1) 

25 



nsec 

lOH Output Cumnt. High Level 



-400 

tlA 

Iqi^ Output Current, Low Level 



40 

mA 

Ta Temperature. Ambient (TOC1007JI 

0 


+70 

°c 

Tc TwnpnKurt, Cot <TDC1007i4itl 

-30 


+125 

®c 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP* 

MAX 

UNIT 

Powtr Supply 






ICC 

Supply Current 

Vcc ■•max 


25 

35 


■EE 

Supply Current 

Vpf-MAX Tr ao°c 


-025 

-400 

mA 



Tc<0®c 



-450 

mA 

Analog 






Signal litpcit 


HBH 

HHUi 

HHHI 

IH 

V|M 

Input Voltage Rartge 


I^S 


msm 

V 

R|n 

Squfveltnt Input Impedanca 

VeE-'MAXINouSI 




K 

CiN 

Input Capashartee 




MSM 

pP 

(BIAS 

Constartt Input Blai 

Vee "MAX 




ilA 

!fi 

ClocX Synch ronou! Bus 


■mu 


mm 


1 Reference Input* " 






«BT 


Vee -MAX VRT-O-fiv VRa"-7jov 





tflB 

Rtlttane. Corr.ru, Bottom 

Vee -MAX Vrt-OAV Vrs--2J)V 



E9I 

icsm 

R 

Raferenca Resmor 



■ES3I 


m^m 

5l 

Trim Resistor 


mmm 

15 


■39 

Digital 






input! 






VlH 

High Level Input Voltage 


Esai 



V 

VIL 

Low Level Input Voltage 




EX 

V 

«IH 


VcC"MAX VtH"Z^V 



75 

PA 

1|L 

Low Level Input Currant 

VcC-MAX Vil-OAV 



-ZA 

mA 

1 Output! 






VOH 

High Ltrei Output Voltage 

Vcc “MIN Ioh'MAX 




V 

VOL 

Low Level Output Vohage 

Vcc “MIN Iql-MAX 

gij 


0.S 

mm 


Switching characteristics over recommended operating temperature range (except as noted) 


1 PARAMETER 

TEST CONDITIONS 

MIN 

TYP* 

BB!1 

UNIT 

F. 

Maximum Cenvenion Reta 

Vcc. Vee -MIN 

20 

30 

HH 

MHz 

T DELAY 

ApMtut* D«liy (Not. 1) 



10 


rate 

TD 

Dtglt.1 Output OtJ.. (Not. 1] 

Vcc. Vee -MIN 

IE 

30 

45 

rate 


•Vcc. VgE ■ NflM Ta • 26’C All wlugM muwrad wltti naptct 10 Oqno. 

>Tm Conditlont. V^, V^t. Vrq • NOM lExopt n Rend) 

All matiurumtntt imdar O C conditions 
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PACKAGE INFORMATION 

*1 


}— iss-H 



(U42/0.t»6 




HEAT 

INK 


PLANE <REF) 


t 0 OOJ 1” I I 
TYP 


— J 0.190^ TYP 

' ’ soino 

SIDE VIEW 


NOTES 

• DIMENSIONS m INCHES 

• ALL POWER AND GROUND 
PINS MUST BE CONNECTED 

• OGND IS 4SV GROUND AND 
REFERENCES TTL t/0 
BUFFERS ONLY 

• ALL V|fj PINS MUST BE 
EXTERNALLY CONNECTED 


•RHCOMMENDED CONNECTION TO ANALOG GROUND 
FOR INTER ELECTROOg SHIELDING 


MATING CONNECTORS INCLUDE: 

Cambton 7034064-01 <04-1 2 

RobirtsoivNugem ICN<^9 S5-G * 

Tcxtoo! 232*2601-000605 {2 required) 


Low-profile, solder tall, tin plat£, )arn socket 
Low-profile, solder tail, gold plate, Jam socket 
Soldtf taN, njckel plate, zero Insartion force socket 




Figure 6« Differential Gam — 40 IRE Modulated NTSC 
Ramp — 14^ MSPS Unlocked (Note 4} 



Figure 6. Linearity * 20 MSPS (Note 7) 
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OUTPUT CODING 


STEP 

RANGE 

BINARY 

OFFSET TWO'S 

complement 

TRUE 

INVERTED 

TRUE 

INVERTED 

2000QVFS 
7^31 fflV STEP 

-2 048QVFS 
8 000 mV STEP 

NMINV^ 1 
KUNV- 1 

0 

0 

0 

1 

1 

0 

COO 

aoooov 

ooooov 

QOOODOOO 

11111111 

10000000 

01111111 

001 

0.0078V 

dooeov 

0001^} 

mniio 

iOOQpOO\ 

otiitno 

127 

0J9KW 

A 0160V 

01111111 

10000009 

11111111 

ooodbooo 

128 

.10Q39V 

•1 0240V 

tooooooo 

01111111 

oooooooo 

11111111 


0 ottsv 

•1 o^^v 

10000001 

01111110 

oooowi 

11111110 

254 

'1AQ21V 

'T 9992V 

iniiTio 

OGOCiboOl 

01111110 

10000001 

255 

200DOV 

•2.0400 V 

11111111 

oooooooo 

01111111 

10000000 


NMINV «nd NLINV ire to b* considered DC controli They miy be tied to -tSV for i logical T 
and tied to ground for a logical *0'. 


NOTES 

1. TIniing The TDC1007J operation involvaj a 1 bit pipeline delay. A sample is taken (comparators are latched) approxi- 
mately 10 nsec after the rising edge of the convert signal {foELAYl- 'DiiS delay may vary by a few nanoseconds from 
part to part and as a function of temperature, but the short-term uncertainty (jitierl in strobe delay is less ttian 30 psec. 
The 255 to 8 encoding is perfonned on the falling edge of the convert signal, and the result is transferred to the output 
(atehes on the iwxt rising edge. The outputs require a minimum time to begin changing to the new result, specified es 
^Dlminl- This permits the preceding result to be read on the tame rising edge, ija , read data N while acquiring sample 
N-i-2. 

The specified minimum convert pulse widthslTpyy^ , r(Wg) guarantee performance of all parts over the full operat- 
ing temperature range. They can be adjusted to smaller widths for a particular part, achieving the typical sample rate. 
All timing specifications are with respect to TTL threshold crossing (1.5 V). 

2. Analog input. The analog input circuit of Figure 2 it a simplification ihatitadequateformost interface circuit desists 
As shown, the input consists of 255 parallel emitteMoIlower stages driving voltage comparators Cj jg represents the non- 
linear emitter-follower junction capacitance, and IBIAS '> constant input bias current R|N is a piecewise linear 
approximation of the change in input current due to comparator switching as the input moves trough the image. This 
component does not vary aftar tha input range is exceeded, as no additional compaiators can be switched, but do note 
that the comparator current is zero (R>^ while the convert signal is high (’V). ^e diode voltage in the model lapie- 
sents the base-collector junclioRS of the emitter-follower transistors, which can conduct If tha input exceeds -fO.TV. 

The 300 pF maximum input capacitance presents a drive raqulroment similar to that of a 75 ohm coaxial cable, 
through its nonlinear nature and dc bits eharecteristies make it unsuited to being dnven directly by a 75 ohm line: A 
source impedance of less than 10 ohms is mdicated for optimal performance. One method of providing this drive is 
demonstrated on the TOC1007PCB (page 8). This is not necessarily the best or most cost effective technique. The 
LH0033, or equivalent, buffer emptifiar also worla, and common analog line driver ciicuits cen be edapted to the task. 
Through the use of NMINV and NU N V, either inverting or noninverting buffers may be accommodeted. 

3L Reference Inputs. The resistive divider diet provides e reference voltage to eech of the 255 comparetor circuits hes both 
ends and a midpoint tap available to the user, allowing considerable flexibility in the circuit operation. The nominal oper- 
ating range it 0 to -2V, requiring epproximetely QV on Vrt and -2V on Vrb This is not to preclude operation over a 
smaller range, as the emcuit will function with a total range of less than 1 volt, but some performance characteristics will 
change. For example, a quantiser circuit hat two major sources of de linearity arror; resistor ladder variations and com- 
parator offset voltages. The former is sealed by a range reduction while the latter It not The circuit should be operated 
With Vr 7 and Vrb within the recommended fQ. 1 to -2.1V rwige, end Vrb at least 800 mV more neganve than Vrt, 

When one of the 255 comparators turns off due to a drop in analog input voltage, its bias current shifts from the 
analog input to the reference ladder. When the convert signal it high, comparator bias current it zero. This generates 
dock end signal related current none on the reference inputs with i maximum amplitude of Ig, which can be relieved 
by ensuring adequate bypassing of VRy and Vrr to analog ground If the reference inputs are exercised dynamically, 
at In an ACC circuit, a bypass capacitor would be inappropriala, and a low Impedance reference eoutee should be «r>- 
ployad. The input-reference circuit is modeled below. 
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Rgfsrenc* (nputl (Cent.) 

Cilibration is accomplished by adjusting Vrt Vrq ip set the first and 255th thresholds to the desired voltages Note 
that R-] » greater than R, ensuring that calibration can be achieved with a positive voltage on Vrt Assuming^a 0 to -2V 
desired range, continuously strobe the converter with 4 0039V on the analog input, and adjust Vpij for output toggling 
between cod« 000 and 001. Then apply >1.9961 V and adjust Vrb for toggling between codes 254 and 255 Rather than 
adjusting Vf^y, it may be convenient to connect it to analog ground and calibrate the OV end of the range with a buffer 
offset control Vrb » * convenient point for gam adjust that is not in the analog signal path These techniques are em- 
ployed on the TDC1007PCB (page 7) 


A midpoint tap,' V rm, allows the user to parallel the ujsper or lower half of the ledder with a tnm resistor, Ry This pro- 
duces approximately 1/2 LSB adjustment of the linecnty midjKiint and is included for linearity comjiensaticin of an 
extended temperature version of this part. It is not necessary that adjustment be performed over the commercial tem- 
perature nnge (0 to 70oc) This pin can also be useful as a virtual ground reference for the input buffer amplifier if 
bipolar conversions ire performed. (Be aware of the inherent Rt impe^nce of this node ) Any load applied to will 
affect tineanty 


4 . NTSC Video Tatting. Measurment 'of video test signals it performed using the setup illustrated The A/D and D/A con- 
verter are strobed at 14,3 MHz, unlocked from the color subcarrier, end the full composite signal encoded No (sin xl/x 
correction it performed. Differential phase and gain, in excess of that inherent in 8 bit quantization, are determined by 
measunng the deviation of the trace centerline on a vectorscope monitoring a reconstructed 40 IRE modulated ramp, 
sampled asynchronously with the color lubcarrier (M O. Falix, "DIfferenuat Phase and Gain Maasuremants in Oigitizad 
Video Signals," Jour. SMPTE 85 76-79, February 10761 


nCTKOMUl 

UXlAATOa 

tnoa 


■ATtMlV 

pueet 

1 WKZ 


AA 


DMU1TMQ) 

0/4 

~¥ 

MAITmCY 

PUBM 

l*KZ 


IUIRUM3I 

out 

lOHVAA 

fiLTtR 


aaKVftmn 

1 

CCBVtKttR 


UMPAJi 

niTiR 


lACnMBSI 


E. Slgnal-to Noise Ratio (SNR) Test. A block diagram of the SNR test setup is shown below. The analog input to the AJD 
converter Is a single tone with a p-p amplitude equal to the full scale range of tha A/D. Power in the reconstructed 
waveform is measured over a selected bandwidth ( < f{/2) and remeasured when the fundamental tone frequency is fil- 
tered out at the D/A output The ratio of the two power readings in the SNR. An idee! A/D converter has a SNR equal 
to 6n + 1.8 dB, where n " number of bits, n > 4. This is the RMS signal-to-RMS noise value Peak signal-to-RMS noise 
theory is approximately 9 dB higher 



8. Noisa Power Ratio (NPR) Test A block diagram of the NPR test setup is given below Bindiimited gaussien noise is the 
analog input to the A/D converter. Power In the recotumicted waveform is measured In a salected frequency slot and then 
remeasur^ with the tame frequency slot notdied out of the Input signal ipectrum. The ratio ofthe two power readings 
reflects the noise performance, dynamic nonlinearity of the A/D, and aperture effects. The theoretical NPR for the fast 
performed it 40.5 dB. 



7. Lineanty Testing Device lineanty Is readily deterrainad with the test setup below. The A/D output is inverted using the 
NMINV end NLINV controls. The input is slightly overdnven with a slow ramp, tha output and inpuf are summed, and 
tha results displayed on an osalloscope. 
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VIDEO A/D CONVERTER 
EVALUATION BOARD 


Model: TDCI007PCB 


TRW TDC1007PCB it a fully 
attembled end tested circuit board designed 
to aid in evaluating the TDC1007J video 
A/0 converter It comet complete with the 
cotwerter LSI installed in a socket and will 
accept and digitize a 1 V p-p 75 ohm sig- 
nal Other ranges and impriances may be 
selected by plug-in resistor subsbUitions on 
the board An offset adjustment it provided 
which can esteblish t unipoter or bipolir 
input range The orcuit operates from 
±15 and -I5V tupplus 

This board it intended as a demonstra- 
tion vehicle It will enable the potenbal 
user to exercise the converter with t mini- 
mum effort and demonstrates a technipue 
of input buffenng Full sizt pnnts of the 
board layout are included (page 11). It is 
equivalent to most familiar modular Type 
vidao A/0 converters. All digital signals 
are TTL compatible and are brought directly 
off the boani from tha LSI Provisions are 
made on the board to install a zero inser- 
tion force LSI socket for use as a fast 
fixture 


FEATURES 

• Selectable input Impedance 

50,75,93. 1 Kohms 

• Selectable input range 

1, 2, 5, 10 volt full scale 

• Adjustable offset for unipolar or bipolar 
input 

• Will accommodate zero insertion force 
LSI socket 

• ±1 5 V, 5% and -i-S V, 10X power supplies 
required 

APPUCATtONS 

• TOC1007J evaluation 

• Systim prototyping 

• Teitfixture 
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The pnnopal function perfoimetf by the PCS is buffering the TDC1007J input and matching it to the source imped- 
ance. The amplifier circuit has a gain of -2 and an input impedance of 1 K ohm. A resistive divider input is provided tp achieve 
other ranges and impedances. An offset voltage is applied to the summing node lo permit zero scale calibration, and the 
range of adiustmem is sufficient for bipolar operation. Drive current to the LSI comes from an emitter.f otiower stage (Q1 ) 
wnlh 60 itiA bias current Cj and R^q are amplifier compensation components, and are selected at the tune of assembly. 


A single 2.5 volt reference (U4) serves amplifier offset, converter refeience. and supply reflation functions. The 
ladder bottom reference is supplied by U3 and 04, and is adjustable via a multitum pot for full scale calibration A trace 
leading to connector pin F it provided which can be used to monitor by connecting pad 25 to 24 as welt as 23. Vpg 
can also be supplied through this pin by connecting pad 25 to pad 24 only. This can be used as a gam control, as in an AGC 
dicuit A 1 0 pF capacitor is tied vrom Vpg to ground to bypass clock and data synchronous current noise generated on die 
chip. If this is removed to improve the gain control rasponsa, a low impedance source must be employed. The Vpg input 
requires a 30 mA sink capability from the analog ground. 

A -6 volt supply It developed by 113 and 02, and supplies the A/0 converter (Ul) and buffer amplifier (U2). The 
■f12 volt supply (U3, 03) provides isolation between the amplifier and ±15 volt supply. The on-board regulaUon allows the 
PCB to operatt from +5 percent +15 V and ±10 percent +5V supplies. Maximum supply currents are 125 mAat+SV, 50 mA 
at +15V, 500 mA at -15V. The board csi be modified to operate on ±12V instead of ±1SV by bypassing the +12V regulator 
This It accomplished by remow'ng 03, R16, and R21, and adding a jumper between 03 emitter and collector pads. 

The separate plans for analog and digital ground should be noted. Aqjjq is the return for the ±1 5 volt supplies and a 
tmali amount of +5 voit current. All 5 volt current supporting the digital interface ii ratumed via the Dgnd plane and pint; 
tha ground teparabon it maintained on the chip Good analog dreuit design dictates that the ground curients be kept tape- 
rata at much at possible, connected at only one point (usually the power supplies). Clock noise on the analog input can 
usually be traced to coupling of the ground ciicuits, 

Tha LSI digital outputs ara designed to dnve tha test load of Figure 4. This is aoughty eQUivalant to two standard or 
Schottky toads or 10 low power Schottky loads. It is tepommtnded that tha LSI not drive tong interconnects directly, as 
lha I me eapaeitanee may result in excessive roe times, and raflactions can contribute to notsa within the converter. 


INPUT RESISTOR SELECTION 

(1/3W unless otherwise spacrfiad) 


.1 1000 Rj 

^IN 




INPUT RANGE j 



• IV 

2V 

6V 

10V 

son 

— 

0 

243 

40.2 1/2W 

45.3 2W 



BZ3 

243 

100 

4.09 1/4W 

75R 


0* 

37.4 

60.4 1/4W 

^681 2W 



806* 

39.2 

16.4 

7£0 

S3n 


0 

46.4 

7SJ) 1/4W 

84.5 1W 


nnn 

102 

48.7 

10.1 

0.31 

looon 

«1 

0 

499 

806 

909 


«2 

OPEN 

1000 

249 

110 


*7611 IV option supplM 
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PARTS LIST 



RESISTORS 

R1 

on* 

1/4W 

2% 

R2 


I/4W 

» 

R3 

10KO 

1/4W 

2K 

R4 

4:^K0 

1/4W 

2» 

ns 

TOD 

t/4W 

2% 

R6 

66D 

1/4W 

6% 

R7 

240D 

2W 

6% 

R8 

6.8R 

1/2W 

6% 

R9 

2^0 

1/2W 

2K 

RIO 

t 

1/4W 

2% 


R11 ^OKQ )/4W Multttum Cttmtt Pol 
R13 20KH 1/4W Wultmim Ctrmtt Pot 
R13 21^Kft 1/4W 2% 

Rt4 21^KQ 1/4W 2« 

Rt6 1/4W 7% 

RTS 42^KQ 1/4W 2K 
RT7 2UKR V4W 2K 
RtB ST.SKQ 1/4W 7% 

RTO 24Q 2W tOK 


R20 24H 


R21 3020 


2 W tA; 
1/4W 2K 


CAPACITORS 

CT OluF SOV 

C2 2J}pFt SOV 

C3 aiKf SOV 

C4 aifiF SOV 

C6 SOV 

c& ii)|ip 10V 

C7 10J3uF 10V 

CS O^luF SOV 

CO lOO^iiF 10V 

CTOmOuF 20V 

C11 tOQuF 20V 

C12 tOAuF 10V 

C13 ai{iF SOV 


INTEGRATED CIRCUITS 

U1 TRWTOC1007J 
U2 Pku*v SLM1C 
U3 Uotorol«MC4741 
U4 HotoroUft(CT403U 


ITtANSISTORS 

01 2N5B3S 

02 2N6034 

03 2N2222 

04 2R2907 


DIODE 

CR1 1P44001 


MISCELLANEOUS 

A1 Ctnb«n 64 pm ipcfeit 

70M0$44)1-04>12 for U1** 

A2 1^t«rm«l(oy hoot tmk 
60738 FOR 02 

A3 TRW Cinch edge corwactor 
261 22X160 

A4 Printed eircun board 
TRW 7PC 1«7 

A5 Moore Syrttm stitch wtfd 
pfm 700606 for R1. R2 
(4 Raquradl 


*(nput imoadanoa and r«>gi «laet 
(76Q. IV option suppiiadl 
**A a«ro Inwition force fodtrl (Teirtaol 
PN 232 2601-000606. 2 requHvd) 
may be substituted by the Ufer 
t Amplifier compemation oofrpanents 
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APPENDIX H 

Schematic Diagrams of 
Antenna Feed 
Multiplexer Circuit, 

Clock Recovery Circuit, 
Demultiplexer, D/A Converter Circuit, 
and 

If amplifier strip/demodulator circuit 
PN Code Generator 
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